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PREFACE. 


Tax  methods  of  extracting  tlie  metals  from  their  ores  are 
extremely  varied  that  it  would  be  impossible  to  comprise  th 
all  within  the  limits  of  a  single  volume;    the  more  important 
processes  have  therefore  been  selected. 

In  describing  these,  the  necessary  facts  have  been  presented  to 
the  student  in  the  order  in  which  a  knowledge  of  them  is  required ; 
lie  crude  ores  being  traced  from  the  mines  in  which  they  occur 
through  the  various  mechanical  and  metallurgic  elaborations 
which  they  subsequently  undergo  before  the  metal  is  obtained. 

The  student  of  metallurg)*  should  be  enabled  to  distinguislj 
by  their  crystallngrapliic  as  well  as  by  their  chemical  characters^  ■ 
•U  the  more  fretfuently  occurring  ores,  and  be  familiarly  acquainted 
with  the  composition  and  properties  of  the  various  fuels  employed 
ID  ftimace  operations.  J 

s|>     With  a  view  to  facilitate  the  acquirement  of  this  knowledge, 
;y|t  sliort  cliapter  on  crystallography  has  been  introduced,  whilst 
another  has  been  devoted  to  natural  and  artifictal  fuds.  J 

The  informatjoro  which  has  been  given,  on  the  impottaul  s\i\i\e«i 


nu  FBBVAOB, 

of  Assnjing  will,  it  is  hoped^  suificiently  supply  a  want  wliich  htt 
been  long  felt  in  this  country. 

In  the  preparation  of  this  volume,  the  works  of  Dufr^noy, 
Eegnault^  Bertliier,  Knapp,  Sckeerer,  Le  Play,  Rammelsbcrg^ 
Lampadius,  Dana,  Karsten,  and  Heron  de  Yillefosse,  have  been 
consulted.  Other  authors  whose  works  have  been  used  will  be 
found  specially  mentioned  in  the  text. 

As  a  fornicf  pupil  of  the  first-named  mineralogist^  I  have 
employed  in  a  condensed  fomi  the  system  of  crystallography 
adopted  in  his  valuable  work  on  that  subject,  from  which  have 
been  taken  the  greater  portion  of  the  diagrams  relating  to  the 
laws  of  crystallistttion. 

The  other  illustrations  are  either  original,  and  have  been  drawn 
expressly  for  the  present  Treatise,  or,  when  relating  to  foreign 
methods,  have  been  adapted  from  French  and  German  books  in 
which  the  subjects  are  well  represented. 


8,  Upper  Stamford  Street 
April,  1852. 
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A.lit  Ii^tbI,  in  tninee,  ICI. 

Furnace  lor  aaioltuw  Mmsfidd  scni«e,        1 

AJufJ'  lk-«  <«Tirllwn  piiie*),  459. 
Aiiial-:%m  fiim-miU    (gold),    of    t!>e 

370.                                                      ^J 

FunuKw  for  ■moliiiig  MMuftld  MyiC^  ^H 

T>->.:  '.'■•^ 

hearth  o^  d7L                                   ^H 

Amom                    1*  f«jr  silter  ia  tlij 

Fumaos^  nraiftiag,  Car  copper.  375.            V 
Fumao*.  iffwbontory,  fi^r  tixi-«m«lt>          1 

>>;                       J»539. 

Balftf w- ,  1: .  \ ' J  rtJttttlWi  87. 

log.  402.                                                       1 

Barrel  ik'iI  in  the  MnalgvmMivm  of 

Fumaoe,  blast,  of  EngeWrg*.  407,               1 

liir.r,  r-W 

Funutoe,  EngUah,  for  the  pr»pttntioa  ^J 

Bottl'v  }.jH.  ific-grnvitj-,  88. 

of  sine.  419.                                       ^H 

BlMt-hi^cui^    appAratuf;      tmftJonAl 

Furnace  for  the  pivpiiratioo  of  lino  at  ^^| 

«lenition,  »tc  2u3. 

the  Vieille  HooUgnc.  42£.                 ^H 

Blfwnn^  auchioc  for  furfweei»  333. 

FiLTuaco,  Sikaian,  for  il&c,  426.             ^H 

jla»Jk  far  moQiAm  200, 

u«ed  in  the  MoalJipuiwitLim  of 

444.                                                        ^M 

.MS. 

Ftiniaoo,  ahideUo*  of  Aloudea,  45y.      ^H 

r  Ui)«d  with  br««qut5,  218. 

»'.-  the  AiMj  of  gtiean^  47*5. 

with  iviort«,  461.                                ^V 

era,  lfJ9. 

Fumoce  for  mercury  in  the  Duchy  of         1 

,203, 

Deux  Pont*,  with  cucurbit*,  400.              1 

til  Giortlo,  50. 

Furnace  for  cupeilation  of  kad,  4fti.            1 

r  extracting  sUtct  from  liMMi, 

Fumaoo  for  %ho  metaUurgic  cliemi«t,          1 

486.                                                              1 

Furnace  for  the  smelting  of  Inai  em-           1 

iu67. 

:  Uxtil,  0. 

ployed  in  Great  Brttnin,  4^.             ^J 

'  i^tuBxi,  for  iron-refining,  272. 

Furnace  for  thu  calcinAtioii   of  lead,  ^^| 

.  cluirrtiig;  plftn  and  Motion 

^H 

I'J- 

Fum/ioe  for   lli«  refining  of  «ilf«ri         1 

,   coking:   at  Bire  dfl  Gier, 

500.                                                            1 

(V^Ovetw). 

Fumaoe,  Sootdi,  or  ore  hearth   for         1 

for  M^sATing  iron,  212. 

smeltiiig  lead  oroa,  504.                             I 

1       •                 ^4,22«*. 

Furnace  for  lead  -  trndting  at  Claitsllial,  ,^^| 

■     I                   t-b]ai6t,  with  cylindrical 

^H 

f 

Furnace,  Gkrrmao,  for  the  cnpellation  ^^S 

for  re  mehing  iron^  SC7» 

onead,515.                                             1 

pul!liii»f,    Terlical   section 

Galieiy,  timboivd  on  all  aid*?*,  107.              1 

.283. 

Gallery,  timbered  on  three  «tb*,  107.           1 

_.  J. 

G*Uery,  timbered  oti  two  *idcft,  1U7.            1 

r^pariog  itccl  bj cement- 

Oaller)',  timbered  to  iupport  tbo  roof,          1 
107                                                                           1 

T.tAS'lia^,  for  copper,  3I>2, 

(hthery,  a  sJop^n^,  108.                         ^M 

'            ^       ^    —                   M 

^H       XX                                   INDEX  TO  THU  E^OBA VINOS,                                         | 

^^1      Goniometer,  WollrMton's,  77. 

Prism,  six-sided,  66, 

^H      Ooniomoter,  Mt'thod  of  usmg,  79. 

Prism,  oblique,  67. 

^H      Hummer  for  consolitktijig  the  loupe, 

Priems,  oblique,  yvith  berelmenta,  68. 

■          275, 

Pmm,  oblitjue,  with  Bymmetrieol  be* 

Hammer,  ring  of,  276. 

velraents,  69, 

Hftmnier  for  drnwiiig  lopina  into  bars, 

Prii»m,  six-«idod,  70. 

277. 

Priam,    oblique,  with   berehnenU  of 

Hatiimer    for    compTrasing    puddled 

diiTerent  inclinations,  70. 

balls,  284?. 

Prism,  deformed,  70. 

Heop,  earbonij^fttion,  IW, 

K«ek  for  washing  ore,  120. 

_^       Hortrth  for  the  li*|UBtion  prwess,  374* 

Refinery  for  iron,  250.  281. 

^H      Health,  G«niJHti»  fur  refiuifig  oopper. 

Retort,    Sileaian,    for    linc^imieltintf, 

^r          377. 

426. 

1             neating-apparatiia  by  wnate  heat,  356, 

Retorts   \is«d   in   the  mctftllurgr  of 

1             Hexatelrahedron,  57^  &8. 

bismuth  at  Schneebcrg,  432. 

^m        Huel  Croft  V  eoppcr  mine,  108. 

Rhomboheiiron.  65,  66,  200. 

^H       Hydrntilic  pipe  prof«,  Istd  mftnuffkc- 

RottHthig-kiln  at  Idria,  457. 

^m           ture,  &20. 

Boughing-rollerft,  290, 

^H       liiidle  for  eaat  iron,  2f^Ll 

Softl«nohed^oI^  66,  67. 

^V       Ladle  used  in  reUiiing  lend,  498. 

Scrapers  for  moolding,  264. 

V            Lend  melting-pot,  265. 

Shears  for  cutting  bars    of  puddld^| 

t            Lend  pots.  Pattiuson's^  497, 

iron,  291.                                         ^1 

^^^     MeUer  or  mound,  142. 

Shells  replaced  by  iron  pyrite»,  75.     ^B 

^^m     Mould  of  east  iron  for    Lht*  mmy  of 

Shield  for  funinee*,  211.                         1 

^^          gftlenn,  177. 

Shttera,  or  cutting-roUen*,  294.              ■ 

I              Jlmuid  for  cdkin/j,  162. 

Spout,  of  copper,  used  in  a§§A}Uigt  1 

^^_      MulTle  ii»(xl  in  tlie  eupelintion  of  load. 

476.                                                    J 

^m        483. 

Stomping,  mill,  110.                             ^| 

^H    Nickin^-buddle,  IIS. 

Strata,  dubcutiona  of.  lOO,                 S 

^H^     OetnhedroTi,  6.5. 

Stratification,  discordant,  91.              fl 

^^m      OetHhedron,  regidar,  56, 

StratUicatian,  discordant,  ^llod  Up  bjf  ■ 

^V      Oer^hedron,  tr«nsposed»  60, 

new  bedt,  93.                                   M 

^H       Octahedron  with  rectflnguliir bnae, 64. 

Table,  pemniMton,  112.                        ■ 

^H       Oetnki^heiKoliedron,  50. 

Tables,  sleeping,  116.                           ■ 

^M      Oil  bsth  38. 

TcimcitT,  11-                                          1 

^F      Oveti.s  for  eoking,  IfjH,  164,  166. 

Tongs  for  furaaces,  213,  314.                ■ 

V            Pail  for  goy-wssiuTig,  564. 

Tong§  used  in  the  cupeUation  of  Iflidi  1 

^  ,         Peutagotial  dodecaheclron,  60. 

483.                                                    ■ 

■K     Polyhedrons,  203. 

Tra[>ezohedron,  68.                                ■ 

^^P    Pres?,  hinged,  for  oomprwsing  puddled 

Tube  for  the  estimation  of  mercunr,  1 

^          balle,  287. 

464.                                                     1 

W            PrL*ni,  rhomboidtil,  SI, 

^^_      Prism,  w^ith  beTelment,  53. 

Tuyeroa  and  pipes,  arrangement   of,    1 

^^H    Pri»ni,  six-(iided  ri'gxilur,  53. 

230.                                                       1 

^^r    Fri«m.  right  sqiinre.  HI.  62,  63. 

Tuyeres  and  Trater-jpipes,  232.                1 
TuTere  of  German  forge,  273.                 ■ 
Valley  produced  by  the  action  of  a  I 

f          Pri^Tij,  eight -sided  jtymmetncul,  63. 

1            Prisni,  (Kircon),  63." 

1            Prism,  right  Thorn  bie,  64. 

current  of  water,  64.                           I 

1            PHim,  four-sided,  6-$. 

Washing-apparatus,  113.                        1 

^^m    Pri»m,  iix'sided,  64,  66,  70. 

Wflter  blowing  mohino,  296,  297.        1 

^^m    Pmm,  eight-sided,  64. 

METALLURGY. 

1 

I 

INTBODUCTION.                                  ^H 

A  K50Wi,Ki>ox  of  the  more  common  mptals,  and  the  means  of 
extracting  them  from  their  ores,  wan  probahly  coevaJ  with  the  first 
formaliou  of  civil  communilicB,  and  long  prior  to  the  iuTentioo  of 
written  characters,  or  any  other  method  of  tmnemitting  to  poB- 
tefity  the   tnemory   of  pajjt  events ;    and  we  are   ctinsefjnontly 
wiiliout   information  relative   to  the  period  at  which   mimkind 
first  commenced  this  species  of  industry,  or  the  Btepa  which  first  _ 
led  to  the  diiitcoverT  of  n  elasB  of  bodiei»  now  become  bo  necej^isary  ^^| 
to  our  daily  wants '                                                                                   ™ 

"We  have,  however,  suiBcient  reason b  for  believing  that  the 
uttedlluvians  were  w  ell  arquaintod  with  these  arts,  aDO  that  they 
were,  in  all  prohubility,  extensively  pnietised  at  a  very  early  perioA 
In  the  daya  of  Motted,  at  lea-^t  six  iiietabi  were  in  common  use, 
M  tbev  are  distinctly  meytioutd  as  forming  part  of  tlie  apoilfl  of 
the  l^idianites,  who*  appear  to  have  poaBesised  them  in  considerable 
tbnnHaDce. 
r         '      ^ng  the  ancient  Greelis  and  Eomans,  Metallurgy  was  culti- 
1                 to   80  great  an   extent,  that  many  of  their  productions, 
litliough  made  tit  an  infinitely  greater  expense  of  time  nnd  labour, 
arc  scarcely  to  be  surpaesed  by  tlie  moat  akilful  artii^ts  of  the 
lireeent  day,  aided  by  the  numerouH  inventions  of  modem  times.      ^H 
Of  the  state  of  this  science  in  Europe  prior  to  the  commence-  ^H 
TTietit  of  the  sixteenth  century,  little  is  at  present  known;  for        1 
iltLi  111  I'll    the   metaLa   were   doubtleei*  extracted   in  couaiderable  ^J 
^                        no  books  on  the  subjeet  had  yet  appeared  ;   and  we  ^H 
\     -.               inently  more  indebted  for  infonnation  to  the  vanouB^^ 
1                       '.uwje^nt  fbtmdnes,  which  have  beeo  di^icuvert'd,  iWii     d 
1         -«r  ^..uen  treatise.                                                                                       ■ 

2  IXTHOBUCTiaN, 

In  tlie  year  1530,  Georgnia  Agricola,  a  German  physician, 
publislied  bis  twelve  books  De  Re  MctaUica  ;  and  althoiigli  one 
or  two  works  on  tlie  metals  had  iil ready  appeared  in  the  Gorman 
lang^uage,  and  one  in  Italian^  he  may  be  justly  considered  the  first 
author  who  gave  a  clear  and  correct  description  of  the  variooa 
processea  employed  in  this  branch  of  chemical  science. 

Lazarus  Ercken,  Assay-Maater  General  to  the  empire  of  Qt^ir- 
many,  foOowed  Agricola  in  the  same  pursuitj  and  in  157  i  published 
a  work  at  Prague,  of  which  an  English  translation,  by  Sir  John 
Pettus,  came  out  in  16S3.  Since  that  time  numerous  treatises  on 
this  subject  have  appeared  in  almost  every  Eiiropean  language, 
and  Metallurgy  has  rapidly  risen  to  that  prominent  position  aojong 
the  usefid  arts  which  it  holds  at  the  present  day. 

The  ancients  were  acquainted  with  seven  metala,  and  these  they 
designated  by  the  names  of  the  planets,  and  repre»euted  bv  nym- 
boU  auppoaeil  to  have  some  mysterioua  allusion  to  thoi^e  boilics. 

Gold  wae  called  the  Htm,  and  thus  represented      .  .     ,     0 

Silver     ....  ^loon 

Mercury      .     .     .  Mercury 

Copper  ....  Venus     .... 

Irou  .     .     ,     .     -  Mars 

Tin    .....  Jupiter 

Lead       ....  Saturn 


I 


Zinc,  as  a  metal,  was  not  anciently  known,  although  advantage  liad 
been  taken,  some  time  prior  to  the  Christian  Era^  of  the  proj^erty 

SOMsessed  by  its  ores  ot  converting  copper  into  brass  (QuaHcrly 
ournal  of  the  Chemical  iSociety,  October  1851).  Zinc  is  first 
mentioned  by  Paracelsus,  who  died  in  154)1.  Bismuth  is  dcscribctl 
in  the  Bennannun  of  Agricola,  written  about  1330.  Antimony  was 
discovered  by  Basil  Valentine  towards  the  close  of  the  iitU'enth 
century.  Arsenic  and  Cobalt  are  first  mentioned  by  Brandt  in  1 7'iJi 
{Jeia'UoMai.  IT.IiJ  and  1742);  but  their  ores  had  b«eu  known 
long  helore.  Platinum  was  first  recognised  aa  a  new  metal  in 
1741,  by  Charles  Wood,  Asnay* Master  iu  Jamaica  (Phil.  Tmns. 
voL  xliv.)  In  1751  Cronntedt  showed  tiiat  Nickel  wa^  a  dintinct 
body  {StorMolm  Trans.)  Manganese  was  first  obtained  by  Ghan 
in  1774  {Beri/inaring  Optt»cH(ft,  vol.  ii.)  :  and  TungHteu  Wiio  dis- 
covered by  M.  Deihuyart  in  17H1  {Mctnoires  dc  Toytomt!\, 
Tellurium  and  Molvbdcnum  by  .Muller  and  Hielm  in  17s:2  (CrelTs 
AnnaU,  1790  and  l*7l)H).  Urnnium  by  Klaproth  in  17H9.'  Tito- 
^  nium  by  (Jregor  in  the  sauie  year  (Journ.  dc  Phy«,  xxxix.)  Chro* 
^^k  miii'ti  bv  Vnut]Ueiin  In  1707  (.Inn.  de  Ch'tmie,  vol,  ixv.)  ColntO- 
^^B  hiij  ,  ovi^red  I'  '.  Tranx.)     Ptdladium 


DTTBODUCnOSr. 


)siniiuii  by  Tennani,  in  1808  (Phil,  Tran$^     Cenum  ««■  mir 
touDced  in  the  following  year  by  Hi8in|;er  and  Ber»rliu«  <OMetL§ 
ftmrmal).     Davy,  in  1807,  by  tbe  aid  of  the  gaJvauk  ItttmUsn, 
liacovered  Potaasium  and  SodiuiD,  and  aftervarak  huoomtiM  Tij 
•gtabliriinig  the  metallic  nature  of  Barinm,  fttruuuuiL.  aiud  Tiu- 
•inm.    Litniam  was  discoYered  in  ISIS,  by  Aifm^f^jL  :  CuoiiJiuji 
n  the  same  year,  by  Stromeyer ;  SramitoB,  aa  lfi<S4.  In  htsn^U\^ 
yaminum,  Olndnnm,  and  ittrium.  br  W<iU«r.  xl  ib^     Ts**^ 
ium  waa  discovered  by  BeneKiis  is  tiSSt  it%pf.  Jtmt'       Hi^m.- 
siomby  Bussy,  in  the  same  year;  TaiadaaL  V  ft«Atft#vfi    u  j^94^j 
[ilxii.  CA.  tf^  PA.  xItL)  ;  T^nriiawM  by  JlMaMe?^  il  j<if^  ./'i^ 
iaM.)    In  1841,  Didyminm  was  dbeai^a"^  t^  ^m^  «ttu»  «s«MUir; 
(Poyy.  Arm.  604) ;   and  in  IMS  fce  aaaitaBuwC  t»i   ^im"  '^,i/ 
metals, — Erbium  smd  Teibaim  (Jmt,  nmm.  tx"ix  %i}fi.      J&nt;^. 
nium  was  discovered  by  Kalat  m  \S%%-.  f^atJinim   mw    T-»^'u*v>a. 
by  H.  Bose  in  1845.    'FinaSr.  Scrsun.  a  msui    «/  0^1^.-  m'j.  . 
B8  Tet  known,  was  annm&tti  s.  l99k  I'f  ^mxysri   J-i^    A*^ 
h\'.  317). 


(4) 


PKYSICAL  CHAEACTEB9  OF  THE  ]VIETALS. 

The  metiik  are  a  class  of  simple  aubstances,  posseflsed  of  t 
peculiar  lustre,  hanng  the  property  of  t-oufluctiug  beat  and 
electricity  with  great  fiieility ;  but  both  lu  tlit- ir  cheujii-al  and 
physical  propertien  they  differ  very  much  from  eiu;b  other,  oud  aid 
coiiseqtiently  applicable  to  a  great  variety  of  uses, 

Tlioftte  at  present  kiiowi)  amount  tt>  titly-oDe  in  inimber,  and  are 
enumerated  in  the  following  table,  with  their  equivalent  uumbera 
oad  symbols  annexed. 

TABLE  OF  METALS. 


■ 
I 


Syiiibolfi. 


1.  Ahnninuni     ,     .     . 

2.  Antiinouy  (Stibium) 

3.  Arsenic     .... 

4.  Barium     .... 

5.  Bibuuith    .... 

6.  Cadmiuni  .     .     ,     . 

7.  Calcium    ,     .     .     . 

8.  Cerium      .... 

9.  Chromium     .     .     . 

10.  Cobalt       .... 

11.  Copper  (Cuprum)  . 

12.  Didvmiuni     .     .     . 

13.  Erbiyni     .... 

14.  Glucinum      .     ,     . 

15.  Gold  (Atirum)  .     . 
IG.  Ilmenium      .     .     . 

17.  Iridium     .... 

18.  Iron  (Ferrum)  .     . 

19.  Lanthanuui    .     .     . 

20.  Lead  (Plumbum)   , 

21.  Lithium    .... 
^J^.  Magnesiam  ,     .     , 


Al 
Sb 
As 
6a 
Bi 
Cd 
Ca 
Ce 
Cr 
Co 
Cu 
Di 
Er 
Gl 
An 
11 
Ir 
Fe 
Lu 
Pb 
Li 
Mg 


Hjdrogeii"  1 


Equivalents. 


13  09 
12903 
75  00 
68  64 
7095 
55-74 
2000 
4i>'00 
2815 
2952 


26-50 
98'33 

98-68 
28-00 
48-00 
103'5« 
643 
1267 


O\T.  =  100 
II   »   125 


17117 
lt;i2-90 
937*50 
85H'0l 
88G'92 
(596-77 
250-00 
575-00 
351-82 
368*99 
395-70 


331-26 
122916 

123350 

35000 

(KtoOO 

129450 

8037 

158-Ji5 


rcuiy  (Hydrargyrum) 
vbdenum     .     .     .     . 

ie\ 

ibium 

tium    .     .     .         .     . 

liuiD  . 

adium 

opium 

fcinnin 

li«§iutn  (Knlium)  .     . 

p>diiim 

theuium 


num  ,,..,, 
Vvr  (Ar^eutum)  .  . 
iium  (Natrooium) 

^utium 

Italuin  or  Columbium 

liirium 

rbium 

Drivim  ... 
(StaiinuDi)  . 

;anium 

jigsien  (Wolfram) 

noimn 

t&adiuni  .     . 

triuai  .  .     , 


loooium 


Hg 
Mo 
Ni 
Nb 
Nr 

08 
Pd 

Pt 

K 
K 
Eu 

Si 
Ag 
Na 
8r 
Ta 
Te 
Tr 
Th 
«n 
Ti 
W 
U 
V 
Y 
Zn 
Zr 


^7*07 

100*07 
47-88 
29'57 


9956 
5327 

98'CiS 

5211 
5211 
21*35 
lOHOO 
2207 
43H4 
9230 
66-14 

59-59 
58-82 
24-29 
94  (W, 
GOOD 
68-56 
32-20 
3252 
3362 


345  90 

1250  90 

59S52 

36968 


1214  49 

665  90 

1233-50 
4S750 
651*39 
651-39 
266-82 

1350(H> 
2M717 
548  02 

115372 
80176 

744  90 
735-24 
303  66 

11H3-00 
7501  Kl 
856*89 
402-51 
40659 
420-20 


may  be  divided  into  two  classes  or  di>^aion8.  The  first 
isistis  of  thotM?  which  have  so  ^'eat  an  affinity  for  oxvKeu 
f  combine  with  it  at  the  ordinar)'  temperature  oi  the 
Te,  and  l)ecome  rapidly  oiidiaed,  evt'u  when  protected 
influence  of  moisture,  and  are  consequently  never  used 
;s  in  an  uncomhined  state.  Such  are — 
um        Calcium  Erbium  Thorium 

L  Magnesium         Terbium  Cerium 

n  Silicium  Gluciunm  Lanthaivum 

AJamintim  Zirconium  Bidyiuiunv 

Norium 


Ttiniim 


K 


PITTSrCAL  CHARACTERS  OF  THE  METALS. 


^ 
^ 


TliOBO  of  the  above  metala  which  hare  been  applied  to 
purjiosoB  are  either  employed  in  combination  with  otbcr  simi 
mibNtnruTS,  or  united  with  atuda  in  the  form  of  Balls,  and  in 
»iixU;  furnish  tho  artu  with  a  moat  valuable  series  of  compound 
Thus,  those  in  the  iiret  part  of  the  Heriea,  when  associate*!  - - 
oxygon,  aevcraUj  yield  potash,  soda,  baryta,  fitrontia,  lime,  ni;i. 
and  jihimina,  which,  either  in  their  uncombined  state,  or  united 
arid^,  tbmiing  salts,  are  of  hourly  application  to  our  wants, 
ot luT  metala  of  this  class  have  not  hitherto  been  usefully  appl 
whieii  iirisea  from  the  circumstance  that  some  of  them  do 
occur  in  piifficient  abmidaoce  to  admit  of  their  advantageous  ti 
inent,  whilst  the  preparation  of  others   ia   attended  witli   g 
exjicnMO,  and  they  are  therefore  replaced  by  bodies  which  alloifl 
bemg  manufactured  at  a  cheaner  rate. 

The  second  class  consists  ot  those  aietals  which  have  so 


nn  afHoity  for 
timipemtures. 

Gold 

Silver 

Copper 

Iron 

IManganese 

Mercury 

Tin 

Iji»ad 

Zinc 

Cudiiiimn 

BJHmiith 


gen  as  to  be  but  little  affected  by  it  at  oi 


These  are — 

Antimony 

Arsenic 

Cobalt 

Nickel 

Chromium 

Tungsten 

Molybdenum 

Vanadium 

flatinum 

Palladium 

E.hodium 


Iridium 

Kuthenium 

Oamium 

Titanium 

Columbium 

Niobium 

Ilmcnium 

Pclopium 

Uranium 


The  metals  belon^n^  to  this  class  are  extremely  numerous,  but  in 
onler  to   render  them  exten&ivolf  applicable   ui   an   uncombined^ 
state  it  is  necessar)^  they  should  /ulfil  certain  physical  conditic 
witliont  which  they  mil  be  of  little  value. 

Iri   the  lirst  place   thev  must  possess  a  certain  tenacity 
malleability^  isithout  whicili  it  would  be  impossible  to  manufacti 
them  into  the  various  forms  which  they  are  coiistantly  required 
assume.     It  is  also  important  that  the  ores  from  wfiich  tlicy  aittj 
obtained  should  be  found  m  considerable  quantities,  and  that 
extraction  of  the  metals  should  not  be  otteuded  with  any  ci 
ordinary'  diiBculty  or  expense,  otherwise  they  could  only  be  em- 
ployed for  special  purposes  for  which  others  were  unfitted,  And 
could  never  come  into  very  general  use. 

The  more  brittle  metals  are  seldom  employed  alone,  but  usniiUy 

in  combijiation  with  others  possessing  a  higher  degree  of  malleik- 

M/tF  and  ductility  J  and  thus  alloys  are  fre(\ueiit\y  obtamed  vKicK 
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otIiHtH  most  remarkable  and  valuable  prop4^rties,  conibiniDg,  to  i& 
I  i  pitf  nt,  the  choracteriatica  of  the  several  metals  of  which 
,  Hi  ^  itn*  formed, 

Th*'  mi'trils  suffit'ientlj"  malleable  to  enable  them  to  be  employed 
In  an  unc<»mbmed  state  are  the  following ; — 

(told  Mercury  Nickel 

SiUcT  Tin  Zinc 

T*!otiriunj  Manganese  Cadmium 

ui  Iron  Copper 

Cobalt  Lead 

Of  the?w%  however,  many  have  not  been  employed  in  the  arts ;  and 
Briew"?  either  from  the  »carcit\'  of  the  ores  from  which  they 
obuiinett  or  from  their  place  being  advantageously  supplied 
"by  olhiT  itietaL*  which  con  be  procured  at  a  cheaper  rate. 

•parity  mm4  Lustre. — It  ha.'^   been  belbre  mentioued  that  the 

mi*iaJ«  pos»«*ss  a  great  degree  of  opacity,  and  are  remarkable  for  a 

peculiar  lustre,  called  metallic.     All,  however,   are   not   equally 

apsque,  00  giild,  when  reduced  to  extremely  thin  leavca,  transmit* 

— ^*  '  *^'  "rr^n  light.     Silver  leaf  of  one-hundred-thousandth  of  an 

N'knei***  is  perfectly  opaque;   but  very  thin  leaves  of  an 

I  ver  and  gold  appear  of  a  blue  colour  when  viewed  by 

dlight. 

1  ri<'  iiiMtre  of  metalH  ia  a  consequence  of  their  opacity,  and 

di*|>»judi  on  their  great  power  of  reflecting  light.     When  reduced 

l*»  thi'  kUI4?  of  powder,  their  peculiar  metallic  appenraiice  diaap- 

peiwx,  bni  is  itninediately  reproduced  by  rubbing  with  a  burniMher^ 

or  any  other  hard  and  smooth  substance. 

C«lttnr,^Mo»t  of  the  metals,  when  in  a  finely-divided  state,  are 
of  A  .  iir,  but,  when  consolidated  and  polinhcd,  appronch 

mon*  .  M  white.    The  colours  of  some  of  them  are,  however, 

?WT  df^cjiied  :  thus  copper  and  tellurium  are  red,  gold  ia  yeUow, 
«Bd  Irsd  14  blue. 

Th«  »Hoy«  tbniied  by  the  miitiire  of  diflerent  metals  usually 

znm^i'.*s  to  a  certain  extent  the  colours  of  the  metals  of  which  they 

Mil],     Those  n'sulting  from  the  combination  of  two  or 

or  white  metaJti  will  themaelvee  be  grey  or  white ;  but, 

.'d  melal  enter  into  its  composition,  the  alloy  will  aaeuii 

■   •'  marked  degree,  although,  if  the  proportion  of  thi 

be  smidl  compiU*ed  with  the  amount  of  that  which 

in.a,  thia  is  not  always  very  apparent. 

r*«.— The  metal e  diifer  from  eneU  other  in  no  respect 

»rd  t4>  their  hardness.    Those  which  aire  "^UTe  ft5« 


in  thetr  ulioya,  and  many  of  the  in  are  «o  fto^  ttt 
/-'/r  s,  ndehed  with,  the  nail,  or  evenmo^^iftA.] 
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The  follow^bg  table,  airEnged  bj  Duuiaa,  Bhows  the  rclatiw 
degreea  of  burtloess  of  some  of  the  more  common  tuetala  i — 

Titanium 


Maiiijjanese 

Pint  hi  urn 

Palladiiim 

Copper 

Grid 

Silver 

Telliiritim 

BiHiimth 

Cadmium 

Tin 

Chromium 

Khodiuiu 

NickL4 

Cobu.lt 

Iron 

Antimony 

Zinc 

Potiiasiuni 

Sodium 

Mercury 


Harder  than  Stoel 


Scratched  by  Calc  Spar 


Scratch  Glass 


►  Scratched  by  Gluas 


Scratched  by  the  nail 
]  Soft  as  wax  at  G0°  Fah- 
Liquid  at  ordinary  tompcratures 


Drnnlty. — The  specific  gravity  of  tlie  difiercTit  mntala  differs 
tremely,  as  among  them  we  llnd  eome  bodice  posscssijjg  a  dmiHity 
at  least  twcuty  times  greater  than  that  of  ^ater;  wliilKt  othan 
wei^h  losH  than  half  their  bulk  of  that  liquid. 

The  principal  metali?,  armn^ed  according  to  their  8p"    '^ 
arc  given  in  the  following  table.    Water  =  1*000;  tc; 
(Brunde's  Manual  of  ChemUlry.) 


f. 


Platinum    . 

.     .  20-980 

Nickel 

8-27 

Gold      .    . 

.     .  19-258 

Iron  . 

7-78 

Tridixmi .     . 

.  IS  two 

Molybdenum   . 

,    740 

Tu  ugh  ten    . 

17  500 

Tin',     . 

-   7ao 

Mereurv 

.     .  VS3m 

Zinc  . 

7m 

Palladium 

llStHl 

Manjjaii. 

0  85 

Lend 

.  n  ;!'.o 

Antintnnv 

(1-70 

Stiver 

l(>  170 

THhinTtn: 

6ia 

Bismuth 

,     9-80 

Ars. 

TiSS 

Umniuiu 

O'OU 

Tit 

5:*o 

s  HO 

ai>7 

SHU 

<yis<j 

CobaJt    . 

S68 
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ri7«tftiiiiiftiio«.— All  the  metals  are  iiapable  of  assuming,  und* 
cirt'uiD^tances,  the  crvstnlline  form.      Many  of  them- 
t  y  gold,  silver,  copper,  and  bisuiuth — occur  crystidUaed^ 

tmturt?,  and  are  found  eituer  a«  cubeH  or  octahedrons,  or  in  Hiimo 
their  derivative  forms:  antimony  ia,  however,  an  exception  to 
rule,  and  affords  rbomboidal  crystals. 

D  order  to  crj-stallise  a  metal  artificially,  it  is  eometimes  suffi* 

?Dt  to  melt  a  few  ounces  in  a  crucible,  and,  having  pcrrjiitted  it 

cool  on  the  surface,  to  pierce  the  crust  formed  and  allow  the 

lienor  to  flow  out.     By  this   means  very  beautiful  rrvstals  of 

lUth  may  be  obtained ;    but  in  the  case  of  some  of  the  le«a 

ible  metald  larger  masses  and  slower  cooltJig  are  necessarv  to 

luee  this  etlectt  and  consequently  these  are  never  found  m  a 

rstalliue  state  unless  considerable  weights  have  been  fused,  and 

[owed  gradually  to  cool,  aa  aomctinies  occurs  in  the  fumucee  iii 

their  metaUurgic  treatment  is  effected. 
It  also  freijuently  happens  that  one  metal  may  be  precipitated 
cryBtalline  form  by  placing  a  strip  of  anuther  nsetal  in  the 
}1ution  of  its  Baits.  In  this  way  silver  is  depositt^d  by  mercury, 
piece  of  /inc  placed  in  a  solution  of  acetate  of  lead  precipi- 
the  latter  in  feathery  crystals.  Gold  is  occasionally  de- 
in  this  form  from  its  ethereal  solutions,  and  a  stick  of 
jorus  produces  the  same  effect.  Nearly  all  the  nietalt*  yield 
Is  when  deposited  from  their  solutions  by  electric  currents 
feeble  intensityt  and  it  is  doubtless  to  this  action  tlmt  we  are 
idebt^d  for  the  many  beautiful  specimens  of  the  native  metals 
rhich  enrieh  the  cabinets  of  minendogista. 
■aUrabUltj. — When  a  piece  of  metjd  is  struck  by  a  hammer,  it 
tber  flattens  under  the  blow  or  splits  with  more  or  Icfjs  faciUtv 
**•  'iipnts:  to  the  former  property  the  name  of  malleability  is 
hiUt  metals  possessiug  the  latter  peculiarity  are  termed 
n'  The  malleable  met^als  may  be  redueed  into  thin  leavee 
r  by  the  hammer  or  by  the  flatting-mill. 
m  Instrument  consists  of  two  metallic  cylinders  (A,  B,  fig,  1) 
horizontally  one  above  the  other.  These,  by  means  of  cog- 
Is,  are  mfuie  to  revolve  in  contrary  directions,  ^ 
lown  by  the  arrows.  These  rollers  are  so  ~ 
ged  in  a  frame  as  to  admit  of  being  placed, 
ugh  the  medium  of  strong  screws,  at  any 
juired  distance  from  each  other,  or,  if  necesv'iary, 
^ing  brought  into  actual  contact.  To  reduce 
"^       of  metal  by  this  means  into  the  form  of  a 

cet,  it  should  be  first  cast  in  the  shape  of  a  ^■ 

gidar  ingot,  having'"  nearlj  the  same  width  m  t\\e  TC(\\\\tv;\ 
Ojji^  of  ii8  euils  in  thvn  ^tfcened  into  the  s\ia^o  \i^ 
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HO  fla  to  CDter  easily  between  the  rollers,  wbicb,  on  being 
in  motion,  draw  tbe  metal  in  atid  pass  it  tkrougb  on  tbe  other 
side  reduced  in  thickness  and  much  elongated.  By  repeating  this 
operation  seTeral  times,  and  gradually  reducing  toe  distance  be- 
tween the  two  cyliDdera,  sheets  of  almost  any  degree  of  thinnesi 
mav  be  obtained.  ^^^ 

I)uring  this  artificial  compression  of  tbe  metals,  their  nioIecu]^^| 
Btructuro  rapidly  undergoes  a  change,  and  those  which  at  first  an^* 
soft,  and  pass  readily  through  the  mill,  soon  become  brittle  and 
diflScult  to  work>  It  is  then  aaid  to  be  "rash/'  and  retjuires  to 
be  softened  by  being  heated  to  redness,  and  afterwards  allowed  to 
cool  v(!ry  gradually  to  the  temperature  at  which  it  is  w*jrked» 
This  pru€cs»  is  called  annealing. 

Gold  is  the  moat  malleable  of  the  metals,  and  is  frequentlr 
made  into  leaves  of  only  fTroLuTotb  of  an  inch  in  thickness,  each 
sniin  of  which  is  found  to  cover  a  surface  of  ti.fty-four  square 
inches.  The  metals  are  arranged  in  the  follo\ving  list  according 
to  the  order  of  their  malleabLlity. 

1.  OoM  6.  Platinum  11.  Palladium 

Lead  12.  Potasnium 

Zinc  13.  Sodium 

Iron  14.  Frozen  Mercury 
Nickel 

Ductility. — The  above  metals  are  also  ductile,  or  capable  of  being 
drawn  into  wire,  but  do  not  possess  this  property  in  the  same 
order  an  their  malleability.  Wire  is  manufactured  by  passing  an 
oblong  piece  of  metal  through  the  progressively  diminishing  hole« 
of  a  steel  tool»  called  a  draw-plate.  By  this  means  wires  of  almost 
any  len^jth  or  diameter  may  be  obtained,  as  the  metal  takes  tb© 
giie  of  the  last  hole  through  which  it  has  passed.  Silver,  for  the 
purposes  of  embroidery,  is  frequently  made  into  wires  ^^th  of  an 
inch  in  diameter.  A  grain  of  gold  may  be  drawn  into  a  wire  550 
foet  long  by  euvelojiing  the  ingot  operated  upon  in  a  coating  of 
silver,  antl  tben  passing  it  through  the  draw-plat^:\  The  wire  thui 
produced  will  also  be  foQud  covered  with  sdver,  and  on  removing 
this  latter  metal  by  diluted  nitric  acid,  an  inclosed  gohl  wire,  of 
only  -s^th  of  an  inch  iu  diameter,  wiO  be  obtamed.  Platinum, 
treated  in  tbe  same  way,  may  be  made  into  wire  not  exceeding 
Tny^tb  of  an  inch  in  thickness  {PMt.  Trans.  183:i,  p.  114). 

The  following  metals  ore  arranged  accordiug  to  the  order  of 
their  ductility: — 

1.  Gold  5.  Nickel  9.  Lead 

2.  Silver  fi.  Copper  10.  Palladium 
S,  Platinum                 7.  Z^m*  11.  CiiAln\i\Uik 


2.  Silver 

7. 

3.  Copper 

8. 

4.  Tin 

9. 

5.  Cadmium 

10. 

Iron 
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wan 

kDen 

To  1 


Tvnarlty. — The  power  pofiaesaed  bj  different  metals  of  i 
mg  weights  is  ?eiy  viimble,  and  iniluencea  in  a  great 
their  economic  values.  It  is  therefore  important  to 
i0rertaTD  bj  careful  experiment  their  relative  tenacities, 
md  the  Tarious  influences  which  may  aiTect  them  in 
tbiB  respect.  For  thia  purpose  wires  of  equal  leti^hs 
and  diameters  are  eniployed.  These  are  finnly  sua* 
ded  by  one  end  from  a  filed  point,  A ,  tig.  2,  and 
the  other  extremity  weights  are  aueeessively  and 
carefully  added  until  ita  rupture  is  effected.  The  weight 
vhich  cause*!  the  wire  to  break  necessarily  represents 
the  tenacity  of  the  metal  of  which  it  is  coinpo.ned, 
when  compared  with  others  in  every  respect  similarly 
trested. 

According  to  the  experiments  of  Ouyton  Morveau, 
the  follow iij^  are  the  weighrs  sustained  oy  wires  0787 
of  a  line  in  diameter  (Jn~  Ch.  et  Ph.  xl.  7S). 

Iron  wire  supports 5l!j)'250  Iba, 


w' 


C<jpper 

Platinum 

Silrer 

Gold 

Zinc 

Tin 


;i02  278 
27I.-320 
1871:H7 
150-753 
lyU'540 

27  021 


rowlbiUty. — All  the  metals  admit  of  being  liquified  by  the  appli- 
cation of  heat ;  but  the  temperatures  at  which  they  molt  are 
extremely  various.  Mercury  retains  its  hquid  fonu  during  the 
moat  intense  colds  of  our  climate.  Fotaswium  and  sodium  fuse 
below  the  boiling  point  of  water.  Tin  mclta  at  iihcmt  ilO'  Fah. ; 
lead  at  612**;  and  antimony  at  about  S5i>"'.  Gold,  silver,  and 
eof»per  require  a  chenj-red  heat ;  iron,  nickel,  and  eobalt  fuse  at 
a  w oite  heat;  manganet^e  and  palladium  are  nielti'd  only  by  the 
strongest  heat  of  a  wind  furnace ;  chromium,  uranium,  molybdenum, 
ttnd  tungsten,  agglutinate  but  slightly  when  treated  in  the  same 
way;  pliitinum,  iridium,  rhodium,  osmium,  cerium,  titanium,  and 
columbium  yield  only  to  a  powerfUl  voltaic  corrent,  or  the  flame  of 
the  oiyhydi-ogen  blowpipe. 


PHYSICAL  CHAHACTERS  OF  THE  METALS, 


The  metals  are  arranged  in  the  order  of  their  fusibility  in  ihe 
following  tabic  (Turner,  Efem,  Chem.)  :— 

Fahr. 

^  Mercury 39°    Tarious  chemistB 

PntjiKsium  ......     136^  -i  Gay-Lut^sac      and 

Sodium 190'']       *  Thenard 

T'ui 442°    Crichton 

Fusible        Cfidfuium 450*^    Sfcrorneyer 

bvlow  a    i  Bismuth 497^ \  n  ■  i  j.  * 

Ted  heat      Lead .     612- f  *^"^^^*^^^ 

Telluriuin  .  ,  rather  lesa  fusible  than  lead.     JOaprotb 
Artieuie  .     ,     ,     .     .      undetermined 

Zine .     773'^    Baniell 

AntimoDj  .     .     .     little  below  redness 


Tnfiisiblc 
below  a 
red  heat 


rSilver   . 
Copper 
Gold     . 
Colialt . 
Iron,  ('a4»t 
Iron,  malleable 
Manganese    . 
Xii'kid      .     , 
Palhiditim    . 
Molybdeuiun 
Uranium 
Tungsten 
Chromium 
Titanium 
Corinm    . 
Osmium  . 
Iridium  . 
Rhodium 
Platinum 
Columbium 


} 


.     .     .     1S37' 

.     .     .     Iflfl4" ;  Daniell 

.     .     .     201G°i 

rather  less  fusible  than  iron 

.     .     .     2786^    BauieU 
1  require  the  highes^t  heat  of  a  smith's 
J  forge 

.     nearly  tlie  same  as  Cobalt 


Almost  infusible,  and  not 
to  be  procured  in  a  but- 
ton bv  the  heat  of  a 
Bmith's  forge,  but  fuBi* 
hie  before  the  oiy- 
hydrogcu  blowpipe. 


Elaxtieify  ajid  nonoraimnrnM  are  attribute's  of  the  harder  metafa 
only,  and  are  more  conwpieuoufl  in  some  of  their  alloys  than  in  tha 
metals  themselves. 

•dour  and  Taiit«. — Many  of  the  metal«,  when  rubbed  or  otherwise 
slightly  elevated  in  temperature,  poaaess  a  singular  aud  eharae- 
teristic  odour,  and  if  applied  to  the  tongue  leave  a  peuuliar  metallie 
taate.  Tlus  property  has  been  attributed  to  tlie  voltaic  action 
caused  by  the  saliva  between  the  metals  and  their  impuritiee : 
amce,  iowover,  sii/jJJar  phenomena  pre&eut  tliematWeii  ^lien  \jet- 
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pare  epecimena  are  selected,  it  is  not  probable  tbat  tlii« 
"eLplfliiation  ia  correct. 

99mer  of  ConAactlnc  lleftt.^8ome  of  tbe  metals  tranflmit  heat 
irith  madi  greater  facility  thnu  others,  and  are  consequently  well 
idapted  for  the  manufacture  of  boilers  and  other  apparatua 
eroplored  for  the  generation  of  eteam,  as  n\m  for  stovc^ pipes  and 
al!  iJuiTM'.Hesj  where  it  i^  of  iraportanee  that  the  heat  acquired  by 
!  tc  eui&ces  should  be  readily  cotnmuuicated  to  surrouud- 

In  the  following  table  the  metals  are  arraofjed  in  the  order  of 
their  decreasing  conducting  powers,  and  apposite  to  the  nann'  of 
each  boily  is  placed  the  approximative  ratio  of  tlje  facility  with 
trhich  it  transmits  heat,  (Bcgnault'i^  Caurs  Elementaire  de  Chimie.) 


Gold.    . 

,    200 

Iron     , 

.     .    75 

Tin  ,    , 

.    64 

SilTcr     . 

.     195 

Zinc     . 

.    ,    73 

Lead     , 

.    36 

Copper  . 

.     180 

Spcriflc  Heat, — ^The  amount  of  heat  required  to  raiae  etiual 
weighty  of  the  diilcrent  metals  to  the  yaiiif  teinpemtiire  is  very 
Tinkble.  Thus,  if  we  exprt^sn  by  liOOO  tire  quantity  of  caloric 
ry  to  raiae  a  pound  of  water  from  82**  Fah.  to  212°,  that 
irluch  mu^t  be  supplied  in  order  to  clevato  the  sanie  weight  of  the 
foBowiug  metals  to  that  temperature,  will  be  aa  below : — 


1 ; ,  1 

, 

00321.  Reguaulfe                      ^ 

^^  ,  ■,  ■  r    .      .      -      , 

00570         „                             ■ 

1 

llitiimm 

00824         „                             ■ 

k 

I'liiii-litiin 

omm      „                     n 

N 

t  -i'l>er*    . 

i;..!.alt 
Lr.-.i.      .      . 

Tui 

003GH 

0(>;ns  Be  laEive  and  Marcetj 

0*0950            „             „             1 

010S6  Rcgnault                         ■ 

01 172  Be  la  Rive  and  Marcot 

01130  Potter 

0'OH20       „ 

01»5(jO       „                           ^™ 

i 

Zinc 

.     0  0929  Newman                  ^M 

* 

Cadmium 
Antimony 

0-orj(>7  Eegnault                ^H 
0-0508                                   ^B 

^ 

Bismuth   . 

.     0*0270  Newman                     ^ 

. 

Arsenic 

.     0  0814  Eegnault                     ■ 
.     01441         „                             1 

,     0-0619        „                             1 

>M4;.  'j'ii'IJUDl 

.    .    .    0-C^'}9  De  la  Rive  and  'Maicet 

TiJL/.{2/-'/VJJ 

' 

■ 

'    » 

' 

0'0304  Eegnault                   - 
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PHYSICAL  CHABAOTEBS  OF  TllE  METALS. 


Exiiaiisioii. — Heat  lias  the  property  of  petno\ing  the  integnl 
particles  which  cuiiistitute  a  body  to  a  greater  distance  from  ewch 
other.  The  substance  becomes  less  compact,  and  therefore  occu- 
pies more  space  than  it  did  previoua  to  the  application  of  heat, — 
or,  in  othtT  words,  it  expanda, 
*  The  linear  expansion  of  the  metals,  on  being  heated  from  82* 
Fah.  to  212°,  is  given  in  the  following  table; — 

Gold 000155155^   ah^t  Lavoisier  &  Laplace 

Silver 0'0€1908Ge=  ^^th 

Platinnm.     ,     .     .  0  00099180^  Tifewth  Hougjhton 

Palladium      ,     .     .  0*00100000  =  T^Wth  Wuikaton 

Copper     .     .     ,     ,  000 171733=  ^iiiKi  Lavoisier  &  Laplace 

Iron     .....  OtKJl2;i504=  ^j^th 

Lead    .....  0*W281H3G  — 

Thi  (from  Malacca)  0-00193765  = 

Zinc  (cast)    .     .     .000291167  = 

Zinc  (hammei-ed)   .  000:^1 0S33  = 

Bismutli  ....  OO<a39107  = 

Antimony     .     .     .  0-0tH08333  = 

Voinitiltj. — All  the  metals  are  prohablv  more  or  less  volatikv 
althouf^h  a  certain  number  only  admit  of  being  readtlj  converted 
into  vu[iuur  at  the  highest  temperaturea  of"  our  furnaces  :  Buch  are 
' — zinc,  cadniiutn,  mcrcuiy,  arsenic,  tellurinmj  potassium,  and 
tiodimn.  l*5cveral  others  have  the  property  of  communicating 
characteristic  colours  to  flame,  and  are  therefore  evidently  vulatile 
to  a  amall  extent. 


rhst 

viijth  Smeatou 

ybth        „ 
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CHEMICAL  PEOPEETIES  OF  METALS. 

Tkk  mccees  of  ererr  metalJurgical  process  must  depend  on  the 
diemical  affinities  of  the  tninemU  treated,  and  it  is  therefore  of 
the  utmost  importance  that  the  metallargist  shoald  be  well 
acquainted,  with  the  deportment  of  the  Yanous  inetal^^  l><>tH  whea 
combined  witb  each  other,  and  also  when  associated  with  the  non* 
laetallic  elementa. 

TI£E  ITETAXS  AKD  OXTQUT. 

All  the  metals  mar  be  mode  to  combine  with  oxygen,  although 

their  ailinities  for  tliis  body  are  extremely   different,      Some  of 

them  combine  with  it  at  all  temperatures,  and  can  only  he  reduced 

Vi  th'' m^t^lliv' state  with  great  difficulty;    whilst  others  possess 

for  this  elemtmt  that  they  cannot  bo   made  tu 

\y  with  it,  and  a  tilight  elevation  of  tempemture  is 

at  to  etfeot  a  separation. 

...J  relatiTe  affinities   possessed   by  the   diiFerent   metals  for 

ouygen  may  be  estimated  in  various  ways. 

Utly.  By  their  deportment  with  oxygen  gaa,  or  common  air,  at 
ordinary  tempenitures. 

2iuUy.  By  the  greater  or  less  facility  with  which  their  oridea 
may  be  reduced  to  the  metallic  stflt4>. 

^Pilly.  By  their  power  of  decomposing  water  under  varying 
circumstances. 

4tbly.  By  their  power  of  decomposing  water  acidulatetl  with 
one  of  the  stronger  acids.  In  this  way  many  metals,  such  as 
iron  and  zinc^  eifect  at  ordinary  tempenitures  the  decompo*<ition 
of  water  aiudulated  with  sulphuric  acid,  giving  rise  to  the  evolution 
of  hydrogen  gaa.  Others,  on  the  contrary,  do  not  produce  thia 
Hfert,  even  when  strongly  heated, 

decompoaifcion  of  acididated  water  by  a  metal  dot^s  not 
1  entirely  on  its  power  of  combining  with  oxygen,  but  (s 
M?ed  in  a  certain  degree  by  the  affinity  of  the  oxide  prodaceil 
^  acid  present,  aa  &ho  by  the  solubility  or  iiisokihility  of  the 
118  formed- 

.   tlip   above   considerations   RegmiuU  divides  the  \w^a\s 
t/pif.'  and  as  thin  inethod  has  tlw  ndvatitage  ol*  hWn^vw^ 
r^me  of  t/tt'ir  mo-^t  atriking  characteristics^  and  aV  tW 
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CIllHtrCAL  PBOPERTIEB  OP  METALS- 


same  time  serves  tlie  purpose  of  an  artificial  memory »  I  sliall 
adopt  his  cliiesifieiitiou  iii  the  present  treatise. 

Flmt  Croup. — Metala  whit-h  have  the  property  of  absorbil]^ 
oxyjjjeu  at  all  teiTiperatures,  even  the  most  devat<»(l,  and  of  de<!om- 
poninjT  wflter  even  at  tht*  lowest,  producing  at  the  same  tinift 
abirjdniit  erulution  of  Lydrogen  gas.     These  are — 

Potnttsium  Litbium  Strontium 

8oditim  Barium  Calciimi 

Tlie  three  fonner  are  called  alkaline  metab  j  the  three  latter  i 
tlie  tnt-ttillic  radicals  of  the  alkaline  earths. 

Aecoiid  firoiip.^ — These  Tnetala  cousist  of  such  as  absorb  oiygea 
at  the  riiodt  eltvated  temperatures,  and  of  which  the  oiides  are  not 
reduced  by  the  application  of  heat  alone:  these  metals  do  nd 
Benfiihlv  deeompose  water  at  low  temperaturt»H,  but  do  bo  very 
decidedly  when  lieated  above  122^  Fah.     They  are— 

Manganese  Magnesium  Aluminum 

To  these  we  may  also  probably  add  tlie  foUowiiig,  the  deoom^ 
posing  power  of  which  on  water  has  not  as  yet  been  sulHcientlj 
studied. 

Glucinum  Thorium  Didrroium 

Zirconium  Cerium  Erbnim 

Yttrium  Lanthanum  Terbium 

Tiiirii  fjrotip^ — Metals  wliich  decompose  water  at  a  red  heat,  of 
which  the  u\i(fcs  are  not  reducible  by  beat  alone,  and  which  do- 
not  decompoae  water  at  temperatures  inft^rior  to  212°  Fah.  All 
these  decompose  wat-pr  in  the  cold  whenacididated  by  the  stronger 
ncidg.    They  are — 

Iron  Cbroiuium  Cadmium 

Kickel  Vanadium  Uranium 

Cobalt  Zinc 

The  temperature  at  which  these  (lecompOBe  water  and  absorb 
oxygen  dependa  in  a  great  meaaure  on  the  state  of  division 
in  \^^uch  they  exists  when  exposed  to  uiidising  iiifluenceH.  Iron, 
pven  when  rt*duccd  to  the  state  of  filings,  doea  not  absorb  oxygen 
^ith  rapidity  at  ordiuar)'  temperatures.  Jf,  howeverj  it  be  heated 
^  dull  rednesa  in  mire  oxygen,  the  action  is  go  rapid  aw  to  uroduc© 
the  phenomena  of  neat  and  light.  If  the  metal  be  obtained  in  ft 
still  higher  stfite  pf  division,  a«  by  the  reduction  of  its  oxide  br 
hydr*-»gen  gas,  its  niprp  eipppurii  to  cold  atmospheric  air  will 
produee  the  same  effects, 

A  bar  <jf  iron  will  not  decompose  steam  at  ordinary  tempera- 
^ures,  but  uvn  fUingn  ivadilv  da  ito  b^k>w  4i&0°  Yah. 


03f  THK  OHDATIO??  OF  THE  METALS. 

iirotip. — >[etjda  which  absorb  oxyt^en  at  a  red  hrnt,  mui 
fOMequentlv  rnrinit  bo  reduced  to  the  inttJillic  atnte  bv  hcnt 
aloDe.     TK.  '  steam  with  greiit    fiuriiity,  but  clo  not 

efiwt  thf    '  J  n    of  wat<»r  in   pn*seiK'e  of  t^ie  sti'onjji  r 

«tnd^.  Thi*  iatter  pheiimueium  iinnew  from  the  (irt-uniMtanrr  that 
thi?  nxidrs  4if  these  metals  ttflonl  but  foebk*  Imsea,  whilst  uiomL  «>!' 
ihrtOt  in  thtf  pre^eiK-e  of  the  Btront;er  bii^es,  nuch  a»  \mttuf\i  und 
ihj,|m  m*^  fl.-.  T..,rt  of  aciibt.  Fmui  this  cause  most  of  the  luetalm 
ill  litfti  decompose  wat*?r  in  the  pittseiiee  of  the  alkulieK 

¥iiu  V  f' hydrogen  ga«, 

Ttir  Tantalum  Tin 

imm  TiUudiRu  Antiujony 

To  these  we  may  probably  atkl — 

Niobium  Ilincfniuni  Pelopium 

WMlh  Group. — Metnls  which  absorb  oiyjjpn  at  a  rcdh^^at,  and  of 
which  the  oxides  are  not  re<luced  by  heat  alowe ;  they  decompo^i* 
water  at  extremely  elevated  temperntures  only,  and  even  then  but 
Vfn'  feebly.  These  metals  do  not  decompoae  water  eitlier  in  th«» 
pTfWAC^  of  aeidij  or  alkaHe*.     They  are — 

Copper  Lead  Bismuth 

iiutti  4»roii|i. — ^MetalH  of  wliich  the  oiidca  are  reduced  to  the 
metallic  state  by  heat  alone    Theae  are— 

^Ti  n-ury  Iridium  Knthenium 

>;[.cT  Pidladium  Gold 

Hhodium  Plntiuum 

It  may  be  here  reujarked,  tiiat  all  the  metulM  of  which  theoxich-*! 

ire  not  decomponed   by  lieat  alone,  are  capable  of  decor nposin^ 

;>re  or  le8§  elevnted  t4:'mperatuTes.     Tliis  unHfrt  fmu»  ilu* 

mc   that    water,   when    very    strongly   heated,    re»olvfc'H 

HU.i    its   elements;    and  wheu  this    in   done   throuj^h   tht* 

)i  of  an  oiidipiubU?  metal,  it  unite**  with  the  oxyj^en  to  form 

le,  wliilrtt  the  hyflrofrrn   eaeapej»  in  the  jL^a.seoua  form*      If, 

I   of  fuch  a  metal,  a  platinum  wire,  ij^iuted  by  the  voltaic 

i,  amaU  bubbles  of  gas  will  be  aeeii  to  escajie,  nrid  thene 

;iii(m   are   found   to    conyint   of  oxy^'eu    and  hydi'ogen 

tu  eqiiivalf'tit  proportions. 

•r  I  lie  ronillctoiii*  wtiirli  drccriiiliic  tlic  o^liiatlttn  uf  ihe  Metali^ 

a   uietal  nnitea  with  oxyj^en,  the  combination    is   usually 

..iM  <*-ith    beat;    if  the  action  W  rerr  rapid,   combu&tuiu, 

»itJi  iotenst'  hght,  h  fixHjuently  the  iT»iilt.     Tlie  cnmb^ 
c 
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yjB  CH EM U\VL  PROPERTtES  OF  METAT.S. 

iiou  of  the  metak  in  oxygen  gas  goes  on  niu&t  rapidly  when  they  am 
rt'daced  to  tlie  statt*  of  powder  previous  to  beiji^  subjet'trd  to  iti 
action,  as  in  many  instancc^n  tho  couting  of  oxide  at  iirst  formed 
ijtiickly  prevents  further  change.     For  thid  rtiaaou,  a  stout  copper 
wire,  if  heated  to  reduese,  and  inimersed  in  a  jnr  of  oxygen,  i        " 
befonies  covered  with  a  coating  of  oxide,  which  tjtiickly  [ 
tfje  inetrtl  from  further  action;  but  if  copper  tilings  be  treat*  i.i  iri 
the  same  way,  they  inatiintly  ignite,  and  are  converted  into  4.»:djift.^ 
of  copper.     If  the  oxide  produced  by  the  ignition  of  a,  nietalM 
the  gns  is  fusible  at  the  ternpeniture  ol>tiiined  by  ita  coiiibu«ti^| 
it  will  be  ynneeeasary  to  reduce  it  to  powder,  as  t]je  coutixi^H 
melting  of  the  oxide  constantly  e:spotie8  a  clean  metallic  suHflj 
to   the   further    action  of   oxygen.      For   thia  reason,  iron   ani' 
steel  previously  heated    to   redness,  and    ininierfied    in  a  I'ar  oF 
oxygen,  burn  with  great  violence,  even  when  exposed  ii 
masses. 

The  volatile   nietals,  when   siniilrtrly  treated,  hum  with   great 
rapidity,  as  the  flret  application  of  beat  givea  ri«e  to  the  productioa 
of  vapoure  whicli  are  quicldv  consumed  and  ah  rapidly  replaced  bf^ 
another  portion  geuemted  by  the  heat  produced  from  the  coM 
bustion  of  the  \ir»L     Many  of  the  raetala  may  be  kept  indetinitjH 
exposed,  at  ordinary  temperatureH^  to  the  action  of  neriectly  ^| 
oxygen  without  combination ;  but  iJ'  moisture  be  admitted,  ch^ 
mical  action  is   at  once  set   up,  and  the  metal  rapidly  oxidised 
The  polish  of  a  bar  of  iron  ia  not  impaired  by  being  kept  in  a  jw 
of  dry  oxygen,  but  a  inoi^it  atmoijphere  soon  produce:*  a  depoait^j 
oxide  which  rapidly  inerenses,  and  finally  destroys  it.     In   ^H 
case  of  some  of  the  metals,  such  as   zinc,  the  coating  fonne^H 
verv  superlicial,  and  ser\*es   to   protect  its  surface  from  furtoH 
nctKm.     The  oxidation  of  many  of  the  otlier  metaJs,  on  the  con»* 
tran%   goes   on    after  a  certain   time   ban   elapsed   witb    greater 
r?»pidify  than  at  the  comnvenceinent  of  the  action.     Thi«  aris<» 
from  the  coating  of    oxide  formed  being  in  an  eleciro-negntive 
t^tat^  with  regard  to  the  unoxidiaed  metsii,  and  a  voltaic  pair  is 
thuii  established,  which  coutiniie»  in  action  aa  long  aa  there  is  any 
portion  of  unoxidi.^ed  metal  i-eniaining,  ^ 

The  presence  of  Jtcid  vapour><  in  the  air  very  much  acceloratea 
the  oxitfation  of  the  metals.  When  a  piece  of  iron  is  acted  on  by 
a  humid  atmosphere,  it  it^  attacked  by  oxygen  dii^Holved  in  tUk 
watery  vapour,  and  aa  the  oxiile  of  iron  fonned  poaseii»ei§  a  cortiH 
basic  affimty  for  \\aler,  the  action  is  thereby  increased.  Li  toH 
way  iron,  and  ztnc,  which  do  not  decompose  water  at  ordiniH 
temperaturcH,  and  may  be  indefinitely  prest^rved  in  that  fll^T 
when  deprived  of  its  dissolved  oxygen  by  boiling,  are,  by  th» 
additioa  of  a  few  dropa  of  aidpbnric  or  any  other  8tn»ng  acid. 


CV^B&mCJLTlOV  OF  THE  METALLIC  OXIDIIS. 
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The  aiFmity  of  the  rii' '  it, 

the  oxide  roruied  :it  uuck^  J 

iDg  rin^  to  a  soluble  salt,  \%bich,  bfinj;  Jiei»oivtHi  iu  lb*? 
tL"rnth   U-uvea  a  cloua  luLitttlUc  Burliw.*^  tu  be  iu  it^  luni 


McU  the  oxidee  possess  acid  properties,  «iucb  as 
n,  aud  antimony,  oiidisc  with  more  rapidil 
wnth  alkalitiO  solutions  before  being  exposed  tal 
if  ncted  ou  by  watery  vapour  aloue. 
on  of  the  AfeuuUc  •xliirs. — The  oxides  of  the  vanou* 
^^xtremely  in  their  properties.  Some  of  them  act  t 
ftrong  biii»e<i,  and  in  combinalion  with  aeidi»  form  weD* 
and  permanent  salts :  others,  ou  the  eontrary^  possess  aeid 
ies,  and  themselves  combine  with  other  metallic  oxides  to 
dis  of  more  or  leas  stability  ;  whilst  a  third  class  exhibit 
t^'ble  a^tEuilies  that  they  sometimes  act  as  bases,  and 
na  witbi,  Alumimi  may  be  given  as  tn  example  of  t 
Ition  of  oxideti.  Another  class  consists  of  what  may 
exeiepttODal  oxides.  Tlieac^  neither  unite  ^ith  acids 
but  in  presence  of  the  etronger  acids  abandon  a  porti^ 
their  oxygen  or  their  metal,  and  form  salts.  The  peroxi 
so  Mn  O,  18  of  this  class,  and  when  heated  witi 
huric  acid  gives  up  half  its  oxygen  Lu  the  gaseoi 
Did  forma  the  sulphate  of  the  protoxide  of  mangan 
0„,  The  suboxide  of  lead,  Pbj  0,  on  the  contrary,  givi 
its  metid  when  acted  on  by  an  acid,  and  gives  riHe  to 
f  the  protoxide  of  the  form  PbO,  31,  in  which  M  repre- 
acid.  A  similar  decumpouitiou  is  frequently  eflected 
oxides  by  heatiog  them  with  some  of  the  stronger 
In  this  way  the  oxide  of  nianji^anese  Mn  Oj,  is 
Ifd  into  the  »e»qui-oiide  Mn,  O^,  and  manganic  acid 
which  combines  with  the  basu  pre»ent.  Thus,  if  puttwh 
h&se  employed,  the  reaction  is  expressed  by  the  tuUuwing 

8  (Mn  O,)  +  KO  =  Mn,  O,  +  KO,  Mn  O, 

metnllie  oiidea  are  also  frequently  found  to  combine 

jher  oxides  of  the  same  metal  possessing  acid  proper- 

ju»  form  a  series  of  salts  in  which  tLiiterent  oxides 

ic  meUl  act  tlie  part  of  acid  and  alltjili.     The  o.\idett 

0»,  of  manganese  Mn,,  Oj,  and  of  chrouiuin  Cr,  O,,  are 

I  <»f  theae   coiitpouud    or   saline   oxidea.   and    hbuuld    be 

•d  by  the  rormuk'—FeO,  V^X\;  MnO,  MiU),.  and  Cr  C), 

The  brtivvn  oxide  of  chromitna  CrO.;»  and   antimouiovvs 

O^  are  both  txunpotuids  of  this  class,  and  should  ^jc 
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expressed  by  the  formulaj— Cfj  CH,  Cr  0^  =  3  (Cr  Ot)  and  Sb^ 

Sb,  O5  =  4*(8b03).' 

Some  of  the  lueta^s  form  a  great  viiriety  of  compound!* 
oxygea ;  and  matii^anotto  in  particular  furaisbes  renmrkji 
plea  of  each  of  the  oxides  nljove  dcHcribed.     Mn  O  tlie   ,  ; 
of  mauf]^aiiese  h  a  poweHul  l»aae,     Muj  O?,  \»  an  indiJferwut 
BuruetitncH  behaving  im  a  ba,st\  and  suinetimet*  m  an  acid. 

The  peroxide  Mn  0,  is  an  example  of  an  exceptional  oxi 
is  flecompojH'd  by  an  aeiil  into  the  protoxide,  winch  eouibiQ 
H  to  form  a  sail,  and  into  oxy^*u  gaa  which  escapes. 

The  oxide  Miia  C),  it*  a  com  pound  oiide  or  mauganite  of  oxide 
manganese,  and  should  be  written  3InL\  Mdj  O3. 

Liistly,  ^langanie  aeid  3In  Oj,  and  hypermanganie  aeid  Mn  0 
combine  with  the  bases,  and  form  numerous  and  well-defined  salt 

PrrpaTfttionoftb^npiaiiirOxidrM.— The  metallic  oxides  are  v 
riou:5ly  prepared.  Mnny  metals  ab.sorb  oxTgeo  on  being  heated 
preseoce  of  cormnon  air  or  oxygen  gjis.  In  the  same  way  some 
the  lower  oxides  are  made  to  combine  with  a  further  imrtion 
oxygen*  The  protoxide  of  manganese  Mn  O  heated  in  euiitiu 
with  air  is  converted  into  aeaqni-oxide  Mn,  O,.  The  protinido 
barium,  or  baryta,  heated  to  a  temperature  of  about  7lK>'^  Fah.  i 
an  atmosphere  of  oxygen,  absorbs  another  equivalent  of  the  gita 
but,  if  the  temperature  be  elevated  much  above  tbia  point,  pi 
toxide  of  bnriniu  is  agiiin  formed. 

Bv  exposure  to  heat  many  of  the  higher  oxides  loge  a  ptirtio; 
of  trieir  oxygen.  The  peroxide  of  lea<i  Pb  0,,  and  the  »esi\ 
oxides  of  nickel  and  cobalt  Ni,  O^  and  Coj  O,,  are  by  this  meaa 
converted  iuto  the  protoxide  Pb  Q,  Ni  (),  and  Co  ().  On  ihi 
fact  alao  depends  one  of  the  most  comm<in  ujelhodn  of  n;aktu 
oxygen ;  a^i,  when  the  peroxide  of  manganese  Jin  O,  ia  heated 
rcdncds,  it  gives  ofl"  a  part  of  its  combined  gaa,  and  leaws  %h 
8e4*qui-oxide  of  manganese  Mn,  Oa  in  the  retort. 

The  oxidea  of  some  of  the  raetaly,  and  particularW  those  wM 
possess  acid  properties,  are  frequently  to  be  obtained  by  bitting  t 
metal  mth  substances  which  easily  yield  their  oxygtm.     Lf  imyt 
dcred  antiniony  be  thrown  into  a  red-hot  crucible  containin 
nitrate  of  potash,  thia  nalt  will  be  decomposed  Mnth  the  fi 
of  antimouiatc:'  of  pota^ih,  which,  on  being  decomposed  br  an 
depottita   antimonie   acid   Sb^  O^.     In    tht*   same  wav,   bv  fujii 
oxide  of  chromium  with  nitre,  chromate  of  potuyh  i» 
which  the  chromic  acid   Cr  O,  ia  readily 


iune  at 


id. 


qjarali 


y  of  the  higher  oxides  are  obtained  by  betUitig  etilirr  ll 
'     }i0mi*U  doubk  the  equivolent  of  Butiinany,  and  make  Uie 
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imnn 


Biftil  or  a  k»v«T  oxide  with  tdtne  mevL  and  lK«i  empomting  to 

irfjums^     ikiiiie  of  ibe  mertab^  ^idi  u  tin  and  sritimoitT.  Uii^v 

ionlnble  peroxide  in  a  free  ftile  when  Oiu^  treale*!.     titlien?.  otic 

1TC  br  finr  tbe  i^niatti'  nntnber.  form  nitrates,  \iiiicti.  oi 

-   ^loifte^  to  ndnfiHs,  are  decomposed,  and  a  metallic  ptroitde^ 

saiimutcs,  except  tfioie  of  the  metals  of  the  fir^t  tn^iip, 

'Oaed  at  hi|^  temperatore*,  tjiviDgf  me  to  the  evolution 

itarboilic  acid,  and  the  produi-tion  of  a  free  oxide.     In 

ime,  faonrtea^  and  strootta  are  obtained,  by  cnlclninj^i 

^    -trre  carbofiatefi ;  and  tlie  carbonate  of  lead,  similtirljr* 

I.  will  be  fotmd  to  jield  tta  carbonic  acid  witli  still  greater 

ij  lii'ated  to  redness  in  a  current  of  hydrogen  gaa,  niany  of 

'  "^c*  are  reduced  to  the  roetallic  crtate;  otheni  ar^ 

d  into  protoxidea,  and  re?n«t  all  further  cflbrts 

*"an«. 

-8  can  frequently  be  prepared  by  precipitatioi 
iprir  tiriiis,  through  the  medium  of  an  alkaline  ba»*%  or 
If  we  pour  cauKtic  potash  into  a  solution  of  proto- 
•dpliat^  of  iron,  a  precipitate  of  hydnit^d  protoxide  of  iron  will 
llr  oblatiaed.     The  loUovi  ing  equation  will  explain  the  reaction, — 

FeO,  SO,  ♦  KO,HO  ^  K0,S03  +  Fe  0,  HO 
proiochloride  of  iron  were  employed,  the  reaction  would  he 

■  •*  -s 

I  e  CI  +  KO,HO  =  KCl  +  FeO,HO 

j<'nt  {>roduces  in  solutions  of  the  sesquioxide,  the 

T^,  O^  3  *S0|  *  3  K030  =  3  (KG,  SO,)  +  Fe,  O^  HO 
]■  ft,  CI»  -f  3  KO,HO  =  3  (K  CI)  +  Fe»  0„  HO 

Here  the  protoxide  of  iron  is  replaced  by  the  sesquioxide  con- 

?a;,....^    in  the  salt,  which  like  the  tbnner  is   precipituted   in  a 

'ed  state.     On  heating  the  hydrat^d  protoxide  of  iron,  the 

-inM   b  expeUed,  ajul,  from  the  absorption  of  oxygen,  anhydrous 

Miqili^xide  of  iron  remains. 

T^ .     peroxide  of  hydrojjen  is    sometimes    employed    for  the 

;  um  of  those  basew  which  resist  less  energetic  means,  and  in 

jy  the  pen)xide  of  calcium,  and  some  other  peroxides,  ara 

r'd,  ' 

Artlan  mt  tbc-  nnnmmttmUte  rtementm  on  the  •aides,    •xyi^tn  and 

tbf  mMiar^—The  lower  meiidUc  oxides   usually  combine   \\\X\\  Ik 


di 
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furfclier  portion  of  oxygen  when  exposed  to  the  air.  Insotne  instancct 
thia  takes  pkee  at  ordinary  teniperaturea  aiicl  in  a  dry  atmos- 
phere, but  the  action  it^  mufli  uecelerated  either  by  the  presenof 
of  water  or  the  uppHcatifm  of  beat.  The  precipitated  hydrates  of 
the  protoxide8  ol  iron  and  maiifipmeBe,  are  nipidly  converted,  by 
expoHiu-e  to  tbe  air,  into  tbe  hydrates  of  the  Bert(|ui-(jxidct<  of  tbose 
metnlrt.  In  other  LnstanceH  a  certain  heat  is  nnpiircd  to  produce 
thia  effect.  Thns  tite  protoxide  of  lead,  when  heated  to  alnjut 
720*^  Fab.,  is  converted  into  a  hii^bcr  oxide  (niiuinrn),  which  is 
ap^ain  decomposed  into  protoxide  if  the  heat  be  raised  much  abo¥6 
that  point. 

Ilydroprfn  and  ili*  Hxldrs,— The  oxidct*  of  all  tbe  metals,  except 
those  of  tlie  two  lirnt  i^rtn^ps,  arc  reduced  to  tbe  metallic  state  ty 
the  condiitied  action  of  heat  and  bydrot^cn  pis-  Those  of  toe 
SLstli  group  are  decoinpc»aed  by  it  at  teinperaturcM  Httle  superior 
to  tlie  boiling  point  of  water,  although  a  red  heat  is  required  {or 
the  rediiclion  of  the  other  oxides.  On  passinp;  a  current  of 
hydrogen  ga^  over  pemxide  of  iron  heated  to  retlneats  in  a  por» 
eelaiii  tube,  decomposition  takes  place,  llydroc^en  combinea  with 
the  oxygen  of  tbe  oxide,  tbrmin^  water,  which  ia  driven  off^  and 
metallic  iron  reniainH  in  tbe  tube.  If,  on  the  contrary,  iron  fHingl 
are  pdaced  in  tbe  heated  tnlw,  and  the  yuponr  td'  water  passed 
over  them,  the  decomposition  giTcs  rise  to  hydro*;en  gas 
peroxide  of  iron.  Tliese  experinieiits,  if  iBulated,  ^^ould  lea 
very  dilierent  couclni*ions.  Frtjm  the  iirjst  we  should 
that  oxygen  lias  a  grcMter  afiniity  for  liydrogen  than  for 
whilst  it  would  appear  from  the  bitter,  that  oxygen  hn8  a 
affinity  for  the  metal  than  for  the  gas.  This  npparent  anoni 
aeennnted  for  by  supposing  the  decomposition  to  be  intlueuce 
the  relutive  t^uantities  of  the  bodiea  prt^sent.  Thus,  in  the  former 
instance,  every  atom  of  oxide  being  at  a  given  time  within  the 
intlueuce  c»f  a  great  Tmnd>er  of  atoms  of  bydrogeUj  it  is  deeom* 
posed  by  it ;  whilst  iu  tbe  latter  case  the  metallic  particles  m*y 
be  regarded  as  being  present  in  greater  quantity,  iih  those  of  the 
hydrogen  will  be  carried  otT  as  soon  as  generated,  by  the  eurrcnl 
of  watery  vapour,  and  cannot  therefore  act  as  a  redn<'ing  agent  on 
the  metallic  oxide.  From  these  considerations  it  is  ev)«lent  that 
the  relative  proportions  of  metal  and  watery  vapour  should  vary 
both  with  the  temperature  an<l  rapidity  of  the  current,  and  that  a 
point  must  exist  at  which,  from  the  equal  balancr  of  the  two,  no 
action  can  take  place  either  on  the  metal  or  its  oxide, 

Cjirboit  aud  ilic  o\idpK. — All  tbe  oxides  which  are  decomposed  by 

hydrogen  are  al^o  reduced  to  tbe  metallic  state  by  carbon,  and 

potassn  nnd  soda,  which  are  not  reduced    by  hydrogen,  are,  at 

rerr  ehvated  temperatures,    deprived  ^i  tV\e\t   o\^'^^rw  Ns^  \fcift 
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tot  CftrboiL,  carbonic  acid  and  carbonic  oxide  gases  beiu^ 

,-,-:  ,■■]. 

nft  of  Sulplmr  nn  ibe  •xlden. — Wben  the  oiidea  of  metalfl 
ol  s^iup  an*   hi-atf-^l  in  contact  with  snlpluir,  dccoinpo 

fi  •  js,  nrid  a  mixture  of  sulphate  and   siulphuret   in  pro* 

duc^iL      It'  carbon  in  any  form  he  pri'HPiit,  its  ufiinity  for  oxvc^*n 
detcrinine^  the  dccarapcjtiitiou  of  the  s^ulphate^,  and  eiilph uresis 
"  lOP  are  lortned. 

The  oxides  of  the  metals  of  the  second  class  are  not  aifectcd  by 
beiuf;  ht*ated  with  Bulphur,  hnt  Timny  of  them  may  bo  trantifuniient 
iijtn  -H  lii  liiirets,  by  beiii^  mixed  with  finely  divided  charcoal,  und 
ai  subjected-  at  a  high  t4?nipt'rature,  to   the   action   of 

auif  .  ...  ,apour.  The  oiides  of  the  toctals  of  the  four  hist  ^roupis 
arc  all  converted  into  sidphurets^  \^ith  formation  of  sulphurous 
«idd  ^aa,  by  the  action  of  «ulphur  at  a  hi^h  temperature.  vSome  of 
tiieoL,  bi>wever,  require  the  addition  of  carbon,  and  are  not  aUcctcd 
WBHems  the   vafwur   of   sulphur  is    pas8ed  over  them  when  thus 

r  hkirUie  und  the  Metallle  •?(JdrM. — ^The  changes  produced  by  the 

nti^  tiun   of  chlorine  on  the  metiiliic  oxides  vary  with  the  clreuin- 

Btancea  under  which  they  ar«"   brauijht  into   contact  with  each 

ty^h**r,      411  the  oxide*,  with  the  exception  of  a  few  behni^ing  to 

I   group,  are  converted  into  chlorides  hy  the  action  of 

■Ae  gim.     Considerable  elevation  of  teiiiperuture  iy,  how- 

>onietiriies  necesaanf  to  eflVct  thid  (leeom|Ki»ition,  nnd  the 

19  usually  much  aceelemted  by  the  tidditiou  of  ii  portion  of 

red  charcoal.     The  best  method  of  eorivrrtiiig  the  inctnllic 

i   into  chloridea  ia  to  mix  them  intinuiiely  witli  lamp*black 

and  oil,  and  when  the  mass  haa  aaaumed  the   proper  consiiHtiMice 

it  19  divided  into  small  peHeta  of  the  nize  of  peas.     These  are  in- 

lruducL*d  into  a  large  oorcelaiti  tube,  heated  to  rednesa.  through 

nhirh  chlorine  ia  paswn,  and  by  this  nieaoH  the  oxidew  of  all  the 

fCftaij  may  be  converted  into  tddondc!*.      In  thi^  rejietiou  the 

'"     'y  of   carbon   for  oxvgen  iiasists  that  of  the  chlorine   for 

ir'tal,    and  the    resultM  are  carbonic  oxide  and  a  metallic 

•  :i    ruie, 

Tf  the  oxide«  are  held  in  solution  or  suspension  in  water,  very 

•nt  reaiilts  are  obtained;  the  products  oft  en  vary  according 

temperature  and  strength  of  the  solution  employed.     When 

lislMjine  gtw  ia  paaaed  into  a  weak   solution  of  potash,  the  tein- 

p«M-iture  of  which  is  prevented  from  rising  by  tueiins  of  a  freezing 

noiture,  or  otherwise,  a  reactiou   is  wet  up  between  two  atoinw  of 

>it.i;>h   :ind  two  of  chlorine,  attended  by  the  production  of  ouc 

^    of  hYpoehhrite  af  potash,   md  one   of  cWofiAe   ol 
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Shniild  II  Btroup  solution  of  polfij^h  be  eniplovcil,  and  the  tem^ 
|irrn1iirc'  he  aJlmved  to  rine,  six  equivnlents  of  potasl)  and  fiii  of 
i"!doriiie  will  react  on  pach  other,  yieldin|^  [>nr  nimn  f>f  chlorate 
of  pota.sh,  and  five  of  chjuridc  of  pofcassium  :  iluiA  6  K()  ->-  B  Cl  = 
IvU,  C1  O^  ^  5  K  CI.  The  8nme  oecurs  with  the  oxide»  of  all  the 
metals  of  the  first  jjfroup,  but  the  production  of  the  chlomtoa  i» 
touTid  to  bo  tuoro  rapid  at  uioderate  teinpcratiirct*  thati  when  th^ 
iiolution  is  pLTuiitted  to  boil. 

With  the  exception  of  the  oxides  of  niiin£janeae  and  ma^eaimst 
the  nietala  of  the  set'ond  elass  are  not,  when  htdd  in  Rns^pension  or 
wolntjon  in  water,  deeoinposetl  bv  a  enrrent  of  ehlonne  i^tia. 

Chhirine  transfornis  the  uiidea  of  the  metals  of  the  third  cUsa, 
when  held  in  suspensiun  in  water,  at  liret,  into  proto-ehlonde*  tmd 
[HToxitk's  ;  hut  if  the  action  he  hniij  eontinued,  a  niixturf  of  per* 
rhloride  and  peroxide  will  be  the  rej*idt.  The  t*esqni-oxidea  of  the 
mettd.H  of  this  elaisi*,  suspended  in  water,  arc  not  acted  i»ii  by 
I'hhiriuet  except  in  presence  of  an  alkali.  Wlien  the  sei*qai*oxid© 
of  iron,  Fe-j  t),,  eiiApended  in  a  solution  of  potash,  is  thus*  treated, 
it  takes  up  an  additionnl  quantity  of  oxygfen  at  the  expemse  of  tbt* 
lM>ta?<li,  and  d^hloride  of  potaasinm  atiil  ferrate?  of  potas^h  are  formedr 
The  following  equation  will  explain  this  decomposition, 

Fe,  O,  +  5  KO  +  3  CI  =  2  (KO,  Fe  O,  -f  3  K  CI. 

The  oxidea  of  the  metals  of  the  three  last  g^oTips,  when  suspended 
ill  water,  resist  the  action  of  chluriue.  The  action  of  iodine  and 
brt>mine  on  the  metallic  oxides  very  closely  resembles  that  of 
chlorine  oti  the  same  compounds. 

AeUnii  of  €^ marine  on  tho  Hctjiiji,^- Chlorine  imitea  with  all  the 
inetttls,  at  temperatures  more  or  less  elevated.  Miuute  division 
very  tnucb  accelerates  this  condunation,  and  in  many  ini^aiiee» 
eaus«ea  the  action  to  be  wo  nipid  as  to  be  attcndetl  by  the  ignition 
of  the  metal.  Powdered  copper,  antimony,  and  arnenic,  burn  when 
thrown  into  ti  jar  of  chlorine ;  merciiry  and  iron  intlame  when 
slifjhtly  heated  in  it,  whilst  it  is  fjuietly  ahyorbed  by  pold,  silver^ 
and  plntinHm-  The  niettdlic  chlorides  ditfer  extremely  in  their 
phyjiical  and  chemical  properties.  They  exist  (d*  aln!0»t  every 
colour.  Some  of  them  are  decomposed  by  beat,  whilst  others  are 
not  atlected  by  it,  S(une  are  yohible  in  water,  and  otfier»  ai0 
totally  insoluble.  Some  are  pennancnt  in  the  air,  whili^t  others 
are  dcliipicHcent,  ilany  of  them  dccomfH:)se  water,  and  give  rise 
to  an  oxide  and  h)  ilrochloric  acid  ;  others,  on  the  contrary,  are  in 
no  way  aflected  by  Uioititure. 

The  methods  employed  for  the  preparation  of  the  varioua 
chlorides  diller  according  to  the  state  in  which  the  nietal  exiatd, 
jwd  has  aho  reference  to  the  properties  of  the  chloride  formed. 


tn^Bn  4X11  TITE  lfXTA.1^  S 

AU  tbi*  BU^tak  m^  he  mado  to  oombma  with  clilorino,  f  * 
tlmm  ill  a  irumni  of  tKaf   ^«.     Tlii*  nnt^eji  not  omI\ 
■fifif^  poniii^iBfid  b^r  rill  iKiies,  Imt  the  nvtum  i* 

■bo  much  aided  h^  tbe  i  itiog  compoimd^,  hj*  tho 

Aioridci  bektf  alf  more  or  lew  t\j»ii»le.  cunstantiy  leave  exposed  a 
deao  siiHar*-  Tor  tW  fu rtJicr  aetioD  of  the  piis. 

Tb»  ;irf?  geDerally  prepared  bj  dtiMiulviDv  th^ 

luetal  V  *^Hk*h  is  altcuded  bv  the  evoliUiou  of 

hydro.  r-ides  of  the  metalM  of  the  lUinl  group 

-  .>.iy.     The  metalii  of  the  fifth  j^roup  do 

point,  effect  the  deooni  posit  ion  of  hydro- 

»•  111,    iju'    a  ijitric  ft<nd  he  added^  a  chloride  lu  at   onoe 

i.     AVbi*n  the  metala  of  the  thir^l  jjroup  art*  thus  tn*att*d, 

t'9  are  usually  obtained  by  precipitation 
fn  1   tl»e  nif'tTil     Th»i8  chloride  of  silver  i*  pi'o- 

ci?'  '  soluble  iiitrat*?  of  silver  by  the  addition  of 

b;  L   acid,  t'oriifiioti  valt,    or   of  an   aqneoiia   isolution   of 

C'  d  i*  Th»*P 'fore  employed  by  the  chemist  bb  a  delicat** 

hat  body. 
- .  with  the  exception  of  those  of  gold  and 
piatinuDi.  aiid  pn.djahlv  n  few  others  bt^lonpring  to  the  *jinie  proup, 
■re  not  decoTiip€>?«ed  W  the  applieatioti  of  heat  alone,  a\lhough 
•CMlie  of  them  are  very  volatile,  and  may  be  dii<tilled  from  oue 
f0««*el  into  another,  without  underjEjoing  any  further  clninije. 

ArUMi  •f  •&}|?«ii  no  tbe  Net«Uic  CWwrtdeii,— Oxygen  oro^lucea 
DO  change,  even  at  a  red  heat,  on  the  chlorides  of  metals  of  the 
firat  group.  Those  of  the  second,  third,  fourth,  and  fifth  groups, 
■re,  on  the  contrary,  chanfjcd  into  oxides,  when  heated  to  redness 
ia  a  current  of  oxvgen.  The  ehlorideti  of  the  metalft  of  the  sixth 
group,  which  are  d'ecompo^ed  bv  heat  alone^  are  also  decompoeed 
when  heated  in  a  current  of  oxvtjen,  but  do  not  abtiorb  any  of 
that  ga«.  Those,  on  the  contrary,  which  are  not  affected  by  heat 
alone,  remain  uiichanijed  in  a  current  of  oxygen  ga». 

Artfa  ^fUr^r^K^n  an  the  MrtBlUe  ctoior!de«.-The  chlorides  of 
the  nietalH  of  the  t^vo  tirnt  m-oups  are  not  decomposed  at  any  tempe- 
nitiLrr  bv  hvcb-ogen  gas.  AH  those  of  the  four  kst  groum  ,tre 
riecompo^e.!'  by  hydro^^en  at  a  red  beat,  with  evolution  ot  hydro- 
chloric m  id.  *Carl)uii  produces  no  visible  eftect  on  tho  tnotaUic 
chk>ridea. 

arLpnrn  Am>  the  metals. 

Sulphur  eombiricB  with  all   the    metnU  ;  ^^.f^^^j;^^^tVng  ^^y 
lU^ia,  except  a  few  among  tboae  oi  the  mlh  group,    ^  ^^ 
hjr  the  spplicathii  of  bent  alone^ 


-jhiwete,  except 
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Tlie  sulphurels,  or  sulphides,  are  prepared  in  many  wiiTS; 
Istly,  by  heiitiu^  the  metal  in  a  finely  divided  state  in  u  cloee 
veaael  containiu^  sulplviir,  or  by  passing  the  lapour  of  gnlpbnr 
over  the  nietala,  heated  to  reddest*  iu  a  poreelain  tube.  The  action 
produced  by  this  means  is  trequeiitly  so  nipid  that  ig^nition  of  the 
metal  ensues ;  and  when  copper,  bismuth,  lead,  or  iron  filinga  are  eo 
acted  on,  the  coinbiuation  is  attended  with  \ivid  combustion.  If 
sodium  or  potassium  be  substituted  tor  the  metals  above  enumiN 
nited,  their  conversion  into  »ulj>hurets  takes  place  with  equal 
violence. 

2udly,  By  beating  a  mixtin^  of  the  metallic  oxides  and  8ulpUur» 
inwliich  caae  sulphurous  acid  is  evolved,  and  the  sulphuret  formed 
remains  iu  the  crucible. 

;idlv,  By  calcining  a  mix^ture  of  the  metallic  oxide  with  sulphur 
and  alkaliue  cArhonates  in  a  crucible  Hncd  with  charcoal.  In  this 
operatiou  the  carbonate  of  pota.sb  or  soda  emplnyed  is  first  con- 
verted into  a  pnlysiiipbiiret,  whicli,  at  an  elevated  temperature,  i* 
decomposed,  and  the  sulpluir  thus  set  free  combines  with  the 
metal  reduced  by  the  carbon  present.  AVIien  the  ox  idea  of  the 
metals  ot"  the  tburth  ^roup  are  thus  ti*eated,  electro-neflfative 
Bulphiirets  are  fonned,  and  these  combining  with  tliosc  of  the 
alkalies  present,  constitute  a  sulphur  salt. 

4thly,  By  decomposiniT  the  metfdlic  sulphates,  either  by  heating 
them  with  a  mixture  of  charcoal,  or  liy  passing  a  current  of 
hydrogen  gas  over  them  when  heated  to  rednesa  in  a  porcelaia  or 
hard  glass  tube. 

6thly,  By  the  action  of  sulphuretted  hydrogen  in  solutions  of 
the  metallic  salts.  This  atFords  an  easy  method  of  obtaining  the 
sulphurets  of  the  metals  of  the  third  group. 

<ithly,  By  the  action  of  sidpburet  of  anmionium,  or  some  other 
alkaline  siilpburet,  on  the  soluble  metallic  salts.  This  method  b 
applicable  to  the  saJts  of  the  metals  of  the  third  grcHip  which  are 
not  rlecompoeed  by  the  action  of  sidpliuretted  hydrogen  only. 

When  sulphate  of  the  pmtoxide  of  inm  is  thus  treatea  with 
sulphuret  of  jwtassium,  the  following  reaction  takes  plaue, — 

FeO,HO,-(-lvS=KO,SO,-fFeS. 

Wlien  aalte  of  the  metals  of  the  titlh  group  art.>  acted  on  by  B 
solution  of  sulphuret  of  ammonium,  the  tirst  effect  produced  will 
be  to  throw  down  tlie  sulphurets  of  those  metais  ;  but  on  subse^ 
queully  adding  a  further  quantity  of  the  precipitant,  the  sulphim^ts 
at  first  tlirowu  down  will  be  re-dissolved,  and  a  soluble  sulphur- 
salt  formed. 

Artlon  of  the  Non-netallle  ElemcnUi  on  the  UtilphiirrU. — When 
ihe  sulphurets  of  the  metals  of  the  lirst  group  are  exposed  to  tho 
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Mtioa  of  he/A  and  oirgen*  both  the  mrtn!  nnd  tht» 

eeome  oxkUs^d,  and  combining  witli  ernli  ttther  iu  thoir 

njiMi!rH'<i  •t;it«.^  are  codfvried  into  metallic  sulphate'!*. 

T'H     Ki   li  irvt  of  ma£n»»*^unti.  \^hich  is  a  motal  bokmi^iit^  to  th© 

i«  siniili  t'tisl  mto  fiiulnhat<*  tif  tim^iioHiA; 

net  of  DKi. V,  a  mcniber  ot  the  8jiiiie  scctiotu 

rarr,  deconipo»ed  by  the  actiou  of  this  gan.     In 

.-.    ..M    products  of  the  decora  position  varj*  with  the  trm- 

ire  at  which  it  is  effected.     If  the  hcfit  einph>yed  l>€  cots* 

•1  1-  :i^^le,  the  sulphur  is  entirelr  expelled  in  the  state  of  suiplnimus 

arid,  and  the  metal  remains  in  the  utate  of  oxide.     When  a  lowtT 

T  ire  is  emphiyed,  a  certain  quantity  of  snlphatf  in  fdrmed 

♦^  timt%  and  the  product  consists  of  a  mixture  of  sulphates 

aad  Miuli-  nf  the  metal. 

Thf  aidphurets  of  the  third  and  fifth  j^ups  behave,  when  heated 
jt-n,  precisely  like  the  Bulpliuret  of  muui^itnese,  TIioko 
:dB  of  the  fihh  ^ruup  are  entirely  converted  uito  o\ide8» 
rtulphur  et*capes  ns  sidphurous  acid  ^im. 
the  :^ulphuret3  of  the  sijtth  g^roup  are  reduced  to  the 
rite  when  he<-ited  in  contact  with  oxytjen,  us  the  sulphur 
1  the  form  of  sulphumus  acid,  and  the  uncond.>iiied  uietal 
Most  of  the  metallic  sulphuretn  become  converted  into 
6u  ^  ^  =  when  exposed  for  a  lon^  period  to  the  combined  iiction 
of  air  and  moisture,  and  in  this  Avay  many  of  the  mineral  ores  are 
luturally  though  alowly  converted  mto  soluble  soitA. 


SELEjriDM  iJfD  TIJE  METALS, 


Selenium  acts  on  the  metals  with  nearly  the  panie  phenomena 
Sillphur;  the  seleniureta  are,  however,  of  mueh  less  freijuent 
iirrence  in  nature  than  the  sulphurets,  and  nre  consei|uently  of 
('ondary  importance  to  the  inetayurf*^ist.  They  may  be 
ed  either  by  pasisins?  a  current  of  seleniuretted  hvdropei 
h  a  solution  of  metallic  tialts,  or  by  heating  the  mot 
ly  with  selenium. 


PH08PH0HU8  JLFD  THE  MITALB, 


Many  of  the  njetallic  phosphuretj*  are  natural  productions  some- 
tiraes  found  in  conHiderable  abumlaiice.  They  may  bo  prepared 
Brtificitdlv  in  three  diflerent  wa^s: 

1st,  By  heatintr  a  mixture  of  phosphorus  and  the  metal,  or  by 
projeetiiig  phosphorus  into  a  crucible,  in  which  the  metal  is  held 
01  a  state  of  fusion. 


28  CHEMlCATi  PROPERTIES  OF  METALS. 

2n(ily,  By  heah'nef  a  mixture  of  phoapboric  acid  and  clmrcoal 
with  rt  nwtaX  or  its  oxide. 

IJrdlv,  By  prt!*:jin*;  a  current  of  phospHuretted  hydrogen  tlirough 
a  Btdiition  of  tlje  metallic  suits.  But  few  of  the  phoaph»iret»  can» 
however,  be  olitaiued  by  the  htnnid  procesH.  n»,  when  pbo8- 
phuretted  hydroa^en  t^ua  is  passed  throtiL^h  iiU't;illie  m)l utioiw^ 
either  a  peejiiHitr  eoniptjuiid  is  obtained,  as  is  the  ease  \\  ith  the  »att« 
of  the  protoxide  of  mereurv.  or  the  metal  is  reduced  to  the  metAllic 
fltate,  as  when  s^old  and  silver  salt*  i\rv  thus  treated ;  or  no  change 
is  producerl  l»y  its  action,  aa  happens  \sith  by  far  the  j*refttcr 
portion  of  the  metallic  salts.  The  phosphurets  h«ve  generaUy  a 
metallic  lustre  and  cryHtalline  texture.  Those  of  the  metals  of 
the  first  fijroup  are  decomposed  by  water  with  evolution  of  apon- 
taneouHly  iuihimmable  phosphuretted  hydnigen,  i\nd  the  fonnation 
of  their  respective  osides. 

Nitrogen,  cyanogen,  and  boron,  may  also  be  mode  to  combiue 
with  the  mettds,  hut  their  compounds  are  of  but  little  importance 
to  the  metallurgist,  and  may  consequently  be  paesed  over  witliout 
remark. 


OP  TUB  C0MB£lfATI0N8  OF  TTTE  MBTAlfl  WITH  EACH  OTHER 
ALLOYS* 


The  mctala,  with  but  few  exceptions,  are  capable  of  combinioi^ 
with  each  other,  and  thereby  forming  a  ehisB  of  compound*  pod- 
sessing  more  or  lues  the  properties  of  their  several  constitiicnts. 
AJloys  are  f^enendly  more  fusible  and  harder  thnn  the  metals 
w*hich  enter  into  their  composition;  and  m  these  properties*  mar 
be  regulated  acconhns:  to  the  relative  amount  of  the  various  nietaia 
employed,  an  infinite  number  of  modifications  may  be  thii« 
obtained.  Copper  ia  very  malleable  and  ductde,  but  is  difTieult  lo 
fuae,  and  for  many  purposes  does  not  possess  the  requisJt4?  bard- 
iie»s.  lii  many  in^stances  these  defects  may  be  obviated  by  the 
addition  of  ont*-third  of  its  weipjht  of  zinc,  which,  without  much 
impairing  its  malleability,  renders  it  fusible,  heii^htena  it«  eoloor, 
ana  at  the  some  time  communicates  to  it  a  proper  det:i  *  '    rd- 

nesB.     In  the  manufactun^  of  eaiuuMi,  a  mixture  is  i  i<^t 

only  sufficiently  hanl  to  withstand  the  friction  of  the  *Uol.  diuing 
itB  imKBaj^e  tliroui^h  it.  but  xilao  eajwible  of  resiwtinij  the  coiT«?rtvi.» 
action  of  the  pn)ducttf  artsint?  from  the  coiidtiiHtion  of  L'urtpowder, 
It  should  likewise  pi>«»esH  considerable  tout;hne§s,  wirhnnt  ^vhich 
un  M  oidd  be  lialde  to  bur»t,     In  many  cases,  anii  rly 

ittcry  uiic,  ciuit  imn  is  employed,  but  when  jjun^  nil 

be  moved  Irotn  plivco  to  place,  the  brittlenetm  of  thai  ini:t«l 
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)  tion,  38.  uiiU'SB  made  very  thifk  uuil  lieavy, 

T  lie  of  \\itVi«tMrj*iitig  tlu*  es|>lof*ivf  fon-u  to 

>vliirh  Uj.  \  .m-  hiii.jrriiiL  If  oo[jpL'r  wltc  tM  11  played,  it  woultl  iu 
t' I  f!r>r  ^.l:ir.'  W  e\t  fvmriy  dilKcult  to  inould,  88,  fmiii  the  lii^'h 
niture  required  i'f»r  the  fuijiori  of  that  metal,  it  is  liable  to 
Hid  prndm-e  ajr-holes  iu  the  cnstifip;  tuid,  \u  the  secoud, 
would  soon  wear  out,  U*  ninde,  from  the  rebound  of  the  shot  in 
pa^i-iu^  from  the  breeeh  to  the  umxzle  during  its  di8char«^'. 

By  the  atlditiuu  of  ten  parts  cif  tin  to  Tiinety  parts  of  copper, 
an  alloy  i»  obtained  whieh  iinswers  all  these  conditions,  and  In  also 
used  under  the  uanie  of  bronze,  for  the  niiiiuifaeture  of  statues, 
and  for  variom*  other  omaniental  purposes. 

For   printers'   type  an  alloy   is  required  at  the  same  time 

bard,  fustible,  and  wliich  doen  not  niiiterially  exintract  in  eooling. 

Lrt^ad.  which  is  a  fnsible  metal,  iw  evidently  untUtet!  for  tldi*  |nir- 

po»e  by  its  eoftnesis,  whiUt  zine  and  bismuth  are  too  liabk-  to 

nr»Mik  under  the  pressure  to  which  the  types  are  exposted  in  the 

s8    of  pnntini^'.     By  ronibininrj^  however,  twenty  |)urt»   of 

ouy  jnid  eighty  of  It'ad,  an  allny  is  produced  which  hillils  all 

conditions,  and  furnij>heH  n»  at  a  cheap  rate  with  a  material 

f  ibly  a«lapted  for  the  ]>uq^ose  Intended. 

li  \ifi:i  lonq;  been  a  disputed  question  whether  the  alloya  are 

ohftniral    eondjinations    of    nietala    iu    definite    proportions,    or 

V  mechanical  mixtures,  without  regard  to  their  atomic  rcla- 

It  is.  however,  probable  that  they  are^  iu  all  cases,  cum- 

'  ai-cordlng  to  the  laws  of  ehenucal  affinity,     Bcrzelius  has 

\  ed  that  the  acidifiable  metals  have  the  j^reatest  tendency  to 

iiie   witfi   those   which    produce   salifiable   bases,   and    that 

lony.  ar?icnie,  and  tellui'ium,  form,  with   the  other  metals, 

lie    componnds   analogous   to  their  native   sulphurets  and 

phu.^iihurets.     Many  of  the  alloys,  both  natural  and  ai-tificial,  are 

also  nnind  to  be  capable  of  assuming  a  erystnlline  fonn,  and  this 

j"tv  may  frequently  be  employed  fortlie  purpose  of  sejKirjitiug 

Illy  chemical  alloy  from:  tlie  mechanical  adniivLure  caused  by 

ttie  excess  of  one  of  its  constituents. 

It  has  been  before  stated,  that    by   alloying  the   metals,    \\c 

'    '  ri  componnds  possessed «d*  very  diifennit  dmtility,  nialleability, 

,.     L.ess,  and  cokuir.   from  those  belonj^inf^  to  tlie  bodies  which 

enter  into  their  composition  ;  thus  gold  and  lead,   and   ^oUi  and 

tin   form  brittle  alloys  ,  and  a  minute  qnautity  (d' arsenic  addeil  to 

r  renders  iL  white-     It  is  also  to  be  observed  tliat  an  alloy 

-i»ed  of  two  metals  has  seldont   a  density  corresponding  to 

iieau    which    should    be   obtained   by   ealculntion   Irom   th*s 

.    e  amonntgi  and  specific  cavities  of  JtJ  constituents, 

Xbe  toUovriu^  titMe,  fi-om  Tbenani  (Trnite  de   Chimie,  \ 
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p.  394,)  shows  in  what  cases  the  spedtic  gravities  of  the  eom»| 
pounds  are  bujjerior,  and  when  inienor  tt»  the  metm  of  the  com- 
bined luetda. 


'  AUovB  ^>o*w>*»ed  of  great er  siwcific 
grnviiy  tlmn  the  mean  of  thoir 

'  Allovft  having  a  flpeoifle  ifrtiTity  in- 
ferior lo  tlie  mcoji  of  their  com- 

COmponctila. 

punenU. 

Gold  aud  Zinc 

Gold  and  Silver 

Tin 

„         Iron 

„         BiMmuth 

„         Lead 

„         Aiitiiiiony 
Cobalt 

„        Copper 
„         Iridium 

Silver  and  Ziiit: 

„         Kiekel 

„         Lead 
»         Tin 

Silver  aud  Copper 
Copper  and  Lead 

„        Bis^nmth 

Iron  and  Bismuth 

„         Antimony 
Copper  and  Zinc 

„       Antimony 
„       Lead 

'Vin 

Tin  and  Lead 

„           Pttl  Indium 

„       Palladium 

„           Bismtith 

,,          Antimony           , 

„       Antimony 
Nickel  and  iVi-neuic 

Lead  and  Binmulh 

Zinc  and  Antimony, 

„         Aiitiiiionv 

Platinum  and  Molj^dtnium 

Palladium  and  Bismuth 

Alloys  are  generally  more  oiidisable  than  their  constituente 
taken  yin^ly.  This  prohnbly  arises  from  the  eireumstancc  of  one 
of  the  metahi  being  elei'tro-negutive  with  respect  to  the  otfjers,  by 
which  means  electric  action  ia  set  up,  and  the  more  positive  metal 
rapidly  oxidised. 

The  action  of  acidts  on  alloys  varieB  according  to  the  rektive 
amounti*  of  their  constituents.  Silver  alloyed  with  a  large  quantity 
of  gohl  is  protected  froui  the  action  of  nitric  acid,  l»y  which,  under 
ordinary  circnnistancet*,  it  is  rapidly  attiu'kcd.  Snnietimes^  how- 
ever, the  reverse  of  this  takes  place,  and  metals  which  are  totally 
insoluble  in  certain  menstrua  are  made  to  didsolve  in  them  l)y  the 
addition  of  a  metal  on  which  they  have  the  power  of  acting.  In 
this  WHY.  platiniuii.  althou;;h  ui  il.^elf  insululjlc  in  nitric  acid,  may 
be  dinsolved  by  it  when  sullicieiitly  alloyetl  with  ailver.  Alloys 
cooifistiDg  of  two  metals,  the  one  easily  oxidisable,  the  other  pod- 
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Ibm  affinilrf  6r  tiiafc  dement^  waj  be  raadil/  decomposed 
Ij  the  eombiiied  action  of  hert  and  air.  In  tbis  case  the  former 
metal  will  be  imSij  coinerted  into  an  oxide,  except  perhaps  the 
hit  portion,  whidi  ma^  in  aome  desroe  be  protected  from  further 
•etion  bjtbe  oxide  already  fiHrmed.  The  increased  affinity  for 
oxymi  exhibited  br  the  more  oxidisable  metal,  in  presence  of 
anoner  len  affeetea  by  thia  agent,  is  doubtless  an  electric  pheno- 
Benon,  and  the  action  is  in  many  cases  so  n^id  as  to  produce 
eombnstion.  Thiaoocurs  when  an  alloy  of  three  parts  of  lead  and 
cne  of  tin  is  heated  in  contact  with  air. 


(32) 


THE  MET.1LLIC  SALTS. 

TiiK  consideration  of  thia  class  of  bodies  belongs  ratlier  Ui  thd 
Bcienvo  of  cliciui^trv  tliiiii  to  that  of  raetallurg}",  and  I  Hhall  there- 
fort^  confine  uiysulf  to  sych  generalitiea  as  may  enable  the  t*tudeiit 
to  understand  tlie  nature  of  the  various  processei*  hereafter  to  be 
described,  and  must  refer  him  for  further  inforniatiou  to  tha 
diflerent  tivatisei*  on  elementary  chemitttry,  in  which  he  will  find 
this  subjeet  fully  disicuascd. 

The  eoinpound.s  hitherto  described  have  be^u  for  the  most  part 
the  result  of  the  binari'  conihiiiation  either  of  a  metal  and  a  nonp 
metallic  element,  or  of  two  metals  with  each  other.  The  gatt«,  on 
the  contrary,  are  usually  formed  by  the  eliemieal  union  t>f  two  biuajy 
compPHndh  posnessing  oj)pot»ito  electric  energies,  and  having  in 
eoiiHcqiienee  a  greater  or  le»ij  aHinity  for  each  other. 

The  hiimry  electro- iR'jL^ative  element  ia  called  an  acid,  and  it 
most  frtH[iiently  eomnose/l  of  two  non-metallic  elements,  as  in  the 
ease  of  8ul[)hurie  acid  SO,,  nitric  acid  JvHa,  aiul  ehloric  acid  ClO^, 
&c.  Ac.  Sometinies,  however,  one  uf  the  elements  of  an  aeid  if 
a  UJCtal,  as  in  the  ea^e  of  ferrie  aeid  FeO,,  rtiaiii^anie  aeid  MnO|, 
stannic  neid  SnO^,  antimtinic  aeid  SbO^,  and  nniny  others. 

JSome  of  the  sulphur  aeidnalsoeuntaiu  a  melul,  and  we  therefoi© 
fijid  such  contpaunds  na  the  j>ulphiinL^t  of  antimony  and  tin 
po»8c«j*cd  of  acid  properties.  The  ba.Me  or  eloetro-positive  element 
of  a  Halt  lA  nlv\ayH  a  metallic  compound.  The  sulphurets  tuul 
oxides  of  many  of  the  metals  belong  to  thi.s  clasji. 

The  gn^ater  niiiiiher  oi'  acids  are  compounds  of  oxygen  and  Q 
metallic  or  non-metallic  element,  whilst  the  ox.idcs  of  the  metala 
allbrd  the  most  numei-ous  elass  of  budes.  ilauy  of  the  sulphurets 
nirto  eombine  and  forni  salts,  in  whieh  the  a<nd  i«  an  electro- 
neg.'itive  sulphuret  or  i^uiphur  aeid,  whdHL  the  base  is  a  sulphuTct 
po«i*e.s.sing  oppos^iite  electric  energies. 

The  double  ehloridea  resulting    from  the  combination  of  th« 
electro-positive  chloriden  of  the  metals  with  tlie  electro-negative 
chloride*  of  other  metallic  or  noM-metallic  elements.  ai;ain  form 
chi»t  44^»;dttf  of  \\hicU  wc  have  inmiy   ^tuMnyiaa,  uAd  of  wiiieh  Uitt 
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be  mueli  increaaed  with  the  adrancemcnt  of 
'n  try. 

The  «ii\-eiLlt«,  or  thos»e  in  which  both  the  at'id  and  base  consiflt 
(ither  of  II  metallic  or  non-metallif  oxide^  form  by  far  the  most 
nwnrrous  and  important  ela«8.  and  hav<*  thtrefon^  rocoivt'd  the 
grt»atest  att<?ution,  and  are  the  raost  fully  imd»*r»tood  by  chemists; 
roiiBCH^urntly,  the  following  gcneraLities  may  be  conai  jered  a$  re- 
ferring particular! V  to  them. 

Neutrality. — Sjilts  are  divided  into  arid,  fif^afine,  ami  nentraf. 
Thf  t*lianictt'riatic8  on  which  this  distinction  u  founded  are  eaail^r 
di'tin*  d,  in  the  ea*e  of  those  formed  by  the  union  of  the  eaer»J:etic 
U'idi%  liud  ba^ed;  but  they  become  lesg  clear  if  the  eomj>ouiid  be 
the  n-Mult  of  the  combination  of  powerful  bases  witb  feeble  acide^ 
OT  uf  tlie  ^tronifer  acids  with  the  weaker  bases.  This  difficulty 
beci^mt-H  »till  f:^reater  when  the  resulting-  Halt  is  insoluble  in  water, 
T  I  hie- blue  colours,  especially  the  tincture  of  litniua,  aro 

th<  i  I narily  employed  for  the  purpose  of  ascertaining  the 

;»  tjjjlt  with  regard  to  its  neutmlity.     This  colour  is  itself 
hy  the  union  of  a  red  vegetable  acid  with  an  alkaline  baae, 
resulting  compound  possesues  the  characteristic  blue  colour 
are  of  litmus. 
When  a  more  powerful  acid  is  added  to  thi.H  organic  salt,  it 
leplaoes  its  vegetable  electro-negative  clement,  whirh,  l>ecomiiig 
me^  again  aaaumea  its  original  red  colour,  and  conHOijuently  indi- 
fliles  the  presence  of  a  free  or  feebly  combined  a*nd  in  the  tk)kition 
into  which  it  ha*  been  poured.      A  te«t  for  the  prcpienco  of  a 
fit«e  or  feebly  combined  alkali  is  obtained  by  reddening  tincture  of 
iituiui»  by  an  acid,  ae  the  original  blue  colour  of  the  HJiIt  is  again 
produce*!  on  neutraliaing  by  an  alkali  the  acid  first  added  to  pro- 
duce the  red  colour.     In  order  that  these  reagenta  Bhould  he  as 
•en^uve  aa   possible  to   the   action  of  ucidH  and  alkalies,  it  is 
Occei*»*ary  to  obsen'e  the  greatest  care  to  prevent  any  excess  either 
of  alkidi  in  the  blue  eolution,  or  of  acid  in  the  red  one,  as,  if  this 
•w©  not  attended  to,  the  first  portion  of  the  acid  or  alkali  in  the 
I  to  be  examined,  would,  as  the  case  might  he,  be  itppro- 
\>y  the  free  acid  or  alkali  present^  and  theri^by  introduce  a 
oum;  of  error  in  the  experiment.     If  we  in  successive  portions* 
pour  sulphuric  acid,  which  strongly  reddens  the  blue  colour  of 
«inu*^»  into  a  fluid  containing  potush,  wMch  blues  the  red  solution 
of  that   substjince,  we  shall  tind  that  the  action  of  the  alkidi  will 
gradually  be<-ome  less  intense,  and  that  fijially  we  shall  arrive  at  a 
Tmiut  nl'wlik-h  neither  an  acid  or  idkaline  reaction  cau  be  perceived. 
^  sulphate  of  potash  is  then  said  to  be  neutral,  and  if 
„j    ._--  the  solution  to  dryness,  and  esaaiine  the  residue,  ^*6 
lod  tt  to  eoiiBist  o£  su)fhurk'  acid  and  potashj  imited  in  the  pto- 
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portion  of  40  of  tht;  former  to  47  of  the  latter,  in  wliieh  ctTmpom- 
tion  it  will  be  found  timt  the  amount  of  oxygen  contaijied  in  tlie 
acid  is  thrt^e  times  greater  than  that  united  with  the  jx»ta^aium  Iv 
constitute  the  hase,  and  the  salt  will  consequently  be  cxpreiiaed  by 
the  formula  KO,  SOa. 

If,  instead  of  using  potaah,  we  were  to  employ  eioda  or  lithia  for 
tbe  purpose  of  saturating  the  sulphuric  acid,  we  should  obtain 
sulphates  of  those  ba^es^  in  which  the  oxygen  in  the  acid  would  b© 
again  found  to  be  triple  that  contained  iu  the  ba&e. 

Baryta  and  etrontia  change  the  reddened  tincture  of  litrtiUft 
into  blue  with  almost  the  f^ame  intensity  a^  potash  or  soda ;  bat 
if  we  add  sulphuric  acid  to  the  solution  of  theae  bases  in  water,  m 
dense  white  precipitate  will  inimediately  be  formed,  and  etmtinue 
to  be  deposited  untU  tbe  solution  begins  to  eTinee  a  slight  acid 
reaction. 

If  we  now  separate  the  liquor  by  filtration,  and  eraporate  to  dry* 
nesB,  we  shall  tind  that  it  retains  nothing  in  solution,  as  tm 
sulphate  of  baryta  formed  is  insoluble  in  water,  and  is  1  1 

wholly  retained  in  the  gohd  state  on  the  filter.     On  test ;  I 

salt  we  fail  to  obtain  either  an  aeid  or  alkaline  reaction,  as  tromi 
its  insolubihty  it  is  incapable  of  affecting  the  vegetable  coluurs^. 
By  amdysing  the  precipitate,  however,  we  find  the  same  relattOQ 
iu  this  ease  between  the  amount  of  oxygen  in  the  acid  and  bane,  aA 
was  observed  ^»  ith  regard  to  the  other  salts,  and  from  aueh  couni- 
derations  as  theite,  chemists  agree  to  consider  those  8\dphates  aa 
neutral  in  which  the  amount  of  oxygen  in  the  acid  is  thrix-  tiioe^ 
grt^atcr  than  that  contained  in  the  base.  K  nitric  instead  of  bu1-< 
phuric  acid  be  added  to  a  solution  of  potash,  the  alkali  will,  as  in 
the  former  cajie,  become  neutralised,  whilst  the  nitrate  of  pota^li 
formed  is  found  to  have  the  formula  KO,  NO^,  in  whjch  ih<i 
amount  of  oxygen  in  the  acid  is  five  times  greater  than  that  con- 
tained in  the  haj>e.  On  rej^eating  this  experiment  on  the  varioiM 
bases,  it  will  invariably  be  found  that  the  ititio  of  the  osyg«*W 
contained  in  the  acid  to  that  combined  with  a  metal  to  ftinu  abttsi 
is  as  one  to  five,  and  consetiuently  aU  nitrate*  are  t}on!fidi«Tts< 
neutral  that  maintain  this  proportion. 

Many  of  the  stronger  acids  are  united  to  a  portion  of  watei 
which  appears  to  be  essential  to  their  constitution,  and  iu 
cases  the  hydrat^'d  acids   may   be  conftidend  as  salts  of 
wliich  are  decomposed  by  the  alkalies  n^erely  iM^cau^e  the  ow 
the  mctuls  are  more  highly   electro-pcjsitivc  than    the   oxid<» 
liv.lKiL'cn,  and  are  therefore  capable  of  forming  wi*1'  tb-    ^n< 
table  salt.    The  less  powerful  acids,  such  *is  cai  I  i 

IS  acid,  and  many  others,  are  incapable  of  thort-i*^.  .; 
he  stranger  ba»es  h  ith  regard  to  the  coloured  roagoute. 
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in  hcr^ipTer  great  excess  they  may  be  added,  the  compound  wiU 
itiil  be  fotiiid  to  retain  an  alkaline  reaction.     If,  for  instauoo^  a 
fonent  of  carbonic  acid  be  passed  for  a  considerablo  tiuic  throup^h 
•  Mtttrated  !M:)lation  of  potassa,  a  crystallized  anlt  will  hv  depodited|H 
vltidi,  on  examinatiou,  in  found  so  constituted  thut  tlie  amount  ofB 
fliygcn  contained  in  the  add  is  four  timed  greater  thiin  that  whieb 
«ters  into  the  eompositiou  of  the  baae.     On  dit^solving  the  salt 
Uttw  formed  in  water,  and  adding  to  the  solution  a  portion  of 
potash  of  the  same  weight  as  that   originally  operated  on,  a  new 
oyntalline  ^It  is  obtained,  in  which  the  amount  of  oxygen  con^^J 
tened  m  the  acid  is  oidy  twice  the  weight  of  that  united  with  tha^ 
pota^^um  of  the  baee ;  and  as  both  these  saltn  produce  alkaline 
IMctioo^  on  the  vegetable  coloured  reagents,  it  becomes  n  matter 
of  difficulty   to  decide  which  of  the  two  ahouJd  be  regarded  aa 
the  neutral  carbonate  of  potauh.     If,  however,  these  experiments 
be  «it<?nded  to  the  other  metallic  oxides,  it  will  be  found  that 
HMMe  of  t!ie  first  group  are  atone  capable  of  ullbrding  two  series  of 
orbotiates.  whikt  the  five  other  sections  only  yield  thojse  in  which 
^e  01 V  gen  of  the  acid  is  double  that  of  the  base.     For  this  reason 
I009t    chemi«t«   describe   the    salts   hn^nog   the    general    formula 
Mo,  CO,  as  the  neutral  carbonates,  althimgh  a  few  still  ccmaider 
Mi>,  CjOj  should  be  thus  regardeii,  frym  the  circuiiihtanee  of  its 
»ore  nearly  nppioftchizig  neutrality  %ith  regard  to  the  coloured 
lea^nta. 

The  definition  of  neutral  salt  becomes  still  more  indefinite  in 
the  case  of  the  combinations  which  take  place  between  the  bases 
and  what  are  usually  caUed  poly  basic  acids,  Tr>  illustrate  this 
fariety  we  may  take  the  ^alts  of  common  phrisphoric  acid  as  an 
example.  If  an  excess  of  pht»aphoric  acid  be  added  to  a  solution 
cf  aoda,  and  with  proper  preeautitjus  evaponited  to  dryness,  we 
obtain  a  salt  represented  by  the  formula  NaO,  PO^  +  2  1!0.  in 
wbirb  the  amount  of  oxygen  contained  in  the  acid  is  five  times 
peater  than  that  contained  in  the  base.  On  dissolving  this  salt 
m  water,  and  adding  to  its  solution  a  quantily  of  aotla  etpial  to 
that  which  it  already  contains,  a  salt  is  produced  expressed  by  the 
ibnuula  2  NaO,  PO5  +  HO,  in  which  the  ratio  of  the  oxygen  in 
ttie  acid  to  that  in  the  base  is  as  two  to  five ;  and  on  agiun  dis- 
•^jWing  this  salt  in  water,  and  adtling  another  equivalent  of  soda, 
whole  of  the  water  is  displaced,  and  the  salt  3  NaO,  POr  is 
untamerl,  where  the  oxygen  in  the  acid  con^>arcd  with  that  in  the 
ba.««'  IS  a-^  three  to  five.  Of  these  salts  the  first  possesses  an  ncid 
r  i  lion  nn  tincture  of  litmus,  whilst  the  two  second  colour  the 
r  il*  ned  solution  of  litmus  blue,  and  tlierefore  exhihit  alkaline 
[  r  ;i<'rties.  The  vegetable  rf agents  sre  hi  this  case  inciijmbW  oi 
dmg  the  question  ol'  uouindit^',  said  chenusta   bave  cotise- 
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quently  been  induced  to  change  the  meaning  of  the  word  by  which 
is  now  generally  imderstood  an  equivalent  of  iicid  united  with  itt 
usual  number  of  equivalenta  of  base.  Aceording  to  this  definition 
each  of  the  three  phosphates  above  described  may  be  considered  a« 
neiitra!  salt.  The  fir-st  will  be  a  phosphate  containing  an  equiT». 
lent  of  oxide  of  sodium,  and  two  of  oxide  of  hydrogen,  Inthfl 
»ec*md  the  addition  of  antiUier  equivalent  of  the  stronger  base 
replaced  the  lesB  el  pctro- positive  oxide  of  hydrogen;  whilst  in  thfl 
third  rialt  the  feebler  oxide  of  hydrogen  has  been  entirely  eiitliii 
nuted,  and  its  place  occupied  by  the  idkaline  base. 

These  and  similar  coui*iderationa  have  suggested  the  idea  thai 
many  of  the  substances  called  acids  are  in  reality  salts,  and  thai 
they  do  not  combine  v^^th  the  oxides  of  the  metals,  as  is  U8uall| 
supposed,  hut  rather  with  the  metals  thcmaelvcB ;  water  beiDg  ' 
every  in.stancc  produced  at  the  same  time. 

Sidphuric  acid  SO3  +  HO,  ia  considered  to  be  a  compouiu 
of  one  equivalent  of  sulphur,  combined  with  three  of  oxygett 
and  further  united  with  an  atom  of  water,  to  forni  the 
called  hydrated  sulphuric  acid.  Nitric  acid,  NOj  +  HO,  is 
like  manner  regarded  as  composed  of  one  atom  of  nitrogen,  co 
bined  with  five  of  osygcn^  and  one  of  water.  It  is,  however^ 
eyident,  that  sulphuric  acid  may  either  be  expressed  by  thi 
formula  SOj  -f  HO,  or  SO4  4-  II,  and  that  nitric  acid  is  equaJh 
well  represented  by  the  equations  NO4  -f  HO,  and  NO,  4-  H.  I 
we  consider  the  latter  exprefisions  as  the  true  representations 
the  state  of  aggregation  of  atoms  in  the  acids  in  question, 
formation  of  n  salt  must  be  regarded  as  merely  a  result  of  t 
substitution  of  a  metal  in  the  place  of  the  hydrogen  contained 
the  acid.  The  latter  view  of  the  constitution  of  acids,  and  tli( 
formation  of  salts,  has  not  only  the  advantage  of  explaining  mux^ 
phenomena  hitherto  not  fidly  understood,  but  also  of  reducmg  tha 
oifli'ids  and  bydracids  to  one  cla»s ;  and  this  theory  is  consequently 
rapidly  gaining  ground  among  chemists. 

The  most  powerful  alkaline  bases  are  usuaUy  the  metallic  pre 
toxides,  and  these  combine  with  the  acids  to  form  salts,  in  wnic: 
a  constant  ratio  exists,  in  each  family,  between  the  oxygen  in  th 
acid  and  tliat  in  the  hnav.     Wlieu  an  acid  combines  with  a 
which  is  not  the  protoxide  of  a  metal  MO,  but  a  higher 
such  as  the  binoxide  MO^,  then  will  that  biuoxide  be  dispos 
unite  with  two  equivalents  of  acid,  and  the  same  ratio  be  retain 
If,  instead  of  being  combined  with  a  binoxide,  the  acid  be  uni 
to  a  sesqui-oxide,  the  same  relation  is  observed  to  exist,  and  i 
sidphuric  acid  be  chosen  for  its  satunition,  the  resulting  salt 
have  the  general  formula  Mj  Oj  -hjSOj,  the  ratio  of  one  to  t! 
being^  still  pneaerved. 
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\V\ii»n  an    oxybaae  is  acted    on  by  a  Tiydracid,  a  reciprocal 
d  tjon  m  the  two  bodies  takes  place.     The  lijdrogen  of 

*'  •']  combines  ivith  the  oxyjcjen  of  the  base  to  form  water, 

Tro  positive  clement  of  the  base  vmites  with  the 
I-  element  of  the  hjdracid  to  Ibrm  a  binary  com- 
PoiukI.  corresponding  in  its  composition  to  the  oxybase  employed. 
Thiu  on  adding  liydrochloric  acid  to  soda,  water  and  chloride  of 
■CKtiuni  nro  formed. 

NaO  +  HCl  =  NaCl  +  nO. 


If,  tnfliend  of  soda  we  employ  the  seaqui-oiide  of  iron,  water 
asid  isesqui-chloride  of  iron  wiU  he  the  result, 

Fc,0,  +  3  HCl  =  Fe.Cl,  +  3  HO. 

IW  saturation  of  an  alkali,  with  regard  to  the  coloured  vegetable 

reaeent^,  may  generally  be  effected  as  complctel}-,  hy  means  of  the 

tiyaracida*  ae  if  an  oxacid  were  employed  for  that  purpose,  and 

niipoundH  are  found  to  posRess,  in  every  respect, 

!  ic  prupertiea  of  salts.     In  the  case  of  tte  hydro- 

t  if  the  formerly  called  oxy-salls,  the  hydruyen  of 

V  n-  flupposed  to  be  merely  replaced  by  a  metal,  and  it 

evident  that   ^Oi,  H,  and   CI,  H,  difier,  merely*  in- 

lat  in  the  one  the  lirst  member  is  a  compound  body, 
^  ''■<^  other  it  13,  as  far  as  we  yet  know,  a  simple  element. 

J!  salts  are  solid  at  ordinar}'  temperatui'ea.  Those 
v«  iined  by  the  combination  of  colourless  acids  with 

n  ^  are  themselves  colourlcya.     The  salts  formed  by  the 

union  of  a  coloured  base  with  the  various  colourless  acids  aro 
tuuAUy  i*olourcd,  and  when  crj'stiilMaed  are  all  poaaesaod  of  nearly 
IIk  same  tint  as  the  bases  which  enter  into  their  composition. 
Tlinee  formed  by  the  union  of  the  colourless  bases  with  the 
eDlnui^d  acids,  on*  most  frequently  coloui*od,  aud  exhibit  for  the 
"    -*  •  "-  tho  characteristic  shades  of  the  several  atida  in  their 


The  tftrte  of  salts  seems  generally  to  depend  rather  on 

of  the  ba«e  than  of  the  combined  acid.     Thvis,  the  salts 

■         I'  usually  known  by  the  name  of  saltness: 

iitly  bitter;  whilst  the  compounds  of  uuig- 

tciunicd   by  an   inftiipportable  bitterness.     8ome- 

,  the  flavotir  of  a  m\i  is  eonsiderably  aflected  by 

oi'  the  combined  acid,  as  in  the  ease  of  the  sulphites, 

It.s,  and  those  formed  hy  the  combination  of  some  of  the 

.ds. 

,f  riT«tniUii»tioii. — A  large  proportion  of  the  salts  may  be 
rated  or  anhvdruHs^  according  to  i\\c  cVtc\i\v\- 
fv  on 'pared.     Many  of  the  ft()b3^2tV^ 
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Bults  are  deposited  from  their  Bolutionfl  m  combination  wtUi  s 
cerLaiit  tjuautitr  of  water,  whicb  is  called  water  of  eryiitalli^ati<»n. 
Tbe  quantity  of  water  of  cryatiiUisatiou  contained  iu  a  nfivcii 
Bait,  when  crystallised  at  tbe  Hanie  t^^inperatures  and  from  Httoiliir 
solutionis,  lA  always  tbe  game,  and  poeBessea  a  eongtant  simple 
equivalent  ratio  with  regard  t4>  the  number  of  equivalents^  uf  acid 
and  bjiBC  entering  into  the  cornpos^ition  of  tbe  salt.  It  therefore 
follows  that  the  water  of  erystallisation  contained  in  a  salt  IB 
uuited  aceurditig  to  the  laws  of  definite  proportion,  and  forma  an 
es^entijil  chemical  element  of  its  conifKusition,  which,  if  ubiftraciedf 
will  be  eliminated  according  to  the  eame  definite  laws. 

The  hydi-ated  salts  abandon  their  water  of  crj^stalliKation  wbrn 
irfcronglv  heated ;  and  it  is  found  that  a  constant  amount  of  water 
is  in  tfie  Baine  salt  retained  for  similar  temperatures,  nlthr»ugb 
when  that  temperature  is  exceeded  another  portion  of  its  water  i» 
eliminated,  and  a  less  bighly  hydnited  i*alt  ia  obtained,  Tb© 
sulphate  of  mangiineae  allbrdg  a  renitu-kable  illustniticm  of  thin 
fact.  Wlien  that  salt  is  allowed  to  cryHtallitte  from  its  ttt>lutionji 
at  a  temperature  below  48"'  Fab.,  ita  composition  is  exprt^s^ed  by 
tbe  formula  MuO,SOi  +  7H  0.  If  the  crystals  be  obtained  between 
the  t^'mperutures  of  43'"  and  G8%  tbe  salt  MnO^SOj+GHO.  wili  be 
prt)dm!cd.  On  being  allowed  to  cryi«talli»e  between  tbe  bmt- 
named  temperatiu-e  and  86%  ita  eomj>o8ition  will  be  expressed  by 
the  foninila  MnO,80,  +  4HO.  By  crystallising  at  a  temperature 
b<?tweeu  110"  and  120",  a  salt  is  obtained  of  wbieh  the  composition 
in  repressenled  by  MuO,SO,+  ilO:  and  fiimlly,  on  beating  the  salt 
to  STCr*,  the  anhydroua  sulphate  of  iuangauet*e  Mnl>,SO,  m 
obtained. 

For  the  purpose  of  detemjining  tbe  quantities  of  wat^r  fftio- 

c€«sivcly  abjuidoned  by  a  salt  at  diflerent  tenyperntures»  an  ntt- 

batb   (ng.  3)  is   usually  employed.     This  consists  of  twu  copper 

boies,  ofic  of  which  ia  so  pfaeed  within  the  other,  that  a  space  uf 

a!>out  an  inch  exists  between  them  on 

all  the  sides  ex  cent  on  that  in    wKicb 

Bthe  di^Hir  is  placed*     Betort'  uaiug  Uie 
wmm^^  apparatus,  this  space  is  to  be  fdUd  v»ilU 

K  oil  by  means  of  a  tubuhiture.  and  a  iber- 

r  _^       mometer,  of  which  the  lower  end  is  im- 

mersed iu  tbe  oil,  should  be  fitted  tc» 
the    other    aperture    by    a   perforated 
cork.     Thiii   bi*ing  done»  the  batb  i« 
burner  by   means  v^'  *'     '    ^nd 

*^eighed  a  certain  q\i  l» 


3. 


•OLUHILITT  OP  8i.LT8« 

i  Tiiga  show  it  to  have  ceased  to  lose  weifjht,  when  the 

:  I,  r  'I  *-«n  the  finst  and  la^t  wei«^hinq>4  neressariJy  rt*prc- 
?•  .:(*  fh»'  ',\<'t'jiht  of  wat^r  loHt  by  the  amount  of  wait  op«rat*^d  on, 
wilt  a  heat »  J  lo  the  degree  noted  on  the  t)iermomeU»r. 

When  water,  instead  of  oil,  is  eniployod  fortho  purpose  of  Blling 

'!  'tui»,  it  becomes  a  water-lmth,  imd  is  employed  for  tho 

dryiriL'  substancesi  at  temperaturcH  inferior  to  212*^,  and 

I  laed  m  aur  labomtorieH,  for  the  estinrntion 

ate  oontained  in  f^ubstanceH  to  be  analy»LHl 

ALuiy  v:  \\  lurh  contain  intich  water  melt  whi^n  heated 

in  th**?r  ^  rystalliwation^  and  iiiideri^o  what  is  called  the 

V  iich  state  it  may  be  rer];arded  a«  being  dissoked 

»f  crystalliBation.     kShould   the   heat  be   con- 

:iii»,t  «1,   and    the    riiilt  not  be    decomposed    at  the  required  t<»m- 

[M  rrvuire,  it  will  ultimately  enter  into  what  is  called  ipjneous  tViHion, 

'iQ    /oolini*    from  which    state   it   remains    aa   anhydrous    enlt. 

*l.i      of  the  auhydroua  salts,  when  strongly  heated,  producrc  a 

i«ii*e.     Common  salt  NaCl,  posnesaes  thiH  pri3perty  in  a 

..   :.  decree,  as  may  be  seen  on  throwing  a  small  quantity 

-  substance  on  the  fire,  when,  if  in  larj^^e  crystulM,  it  will  Iw 

•d  to  break,  and  in  some  instancea  to  be  projeut«^d   to  a 

•rable  distimre  at  the  moment  of  each   detonation,     llus 

's  usually  produced  by  small  quantitieji  of  water  meclianicallv 

rd  io  the  cavitioH  of  the  crystals,  which,  on  beinj^  heated,  u 

ted  into  steam,  the  eipanaive  power  of  which  cauaea  the 

f ''  of  the  saltst.     Lc8«  frequently,  however,  thiij  phenomenon 

'  '  V  the  imperfect  conductin)^  power  of  the  Halt  it»elf, 

iu  unequal  expansion  amonj^  its  particleti,  rapidly 

their  cUviaion,  and  ultimate  reduction  to  the  state  ot  fine 

r.. 

M4»iuiiftity  «if  Malt*. — The  study  of  the  solubility  of  salts  in  one  of 

thf  most  useful  and  interesting  branches  of  chemical  research,  aa 

r  the  i^rfater  number  of  methods   employed  to  etfect  tho 

if  ion   of  this  class   of  bodies  is   founded  on  their  relative 

lity  in  water.      Many  of  the  aalts   are   also  to  a  certain 

aoluble   in   alcohol   and    pyrolifjneous   spirit;     but    this 

ty   ia   chiefly   confined   to   such  an    art?  eitremely  soluble 

•  T.     The  solubility  of  a  Halt  varies  with  the  temperature  at 

the    experiment    has    been   made ;    and    it  i*    therefore 

""*     when   investigating   this    aubjectj   to   make   scpamto 

ions  for  the  several  points  of  the  theroiometric  i-an^e. 
Kiii-r  to  ascertain  the  solubility  of  a  salt  at  a  given  tem- 
I  n\  it  will  be  first  neci?s8ary  to  obtain  a  saturated  solution 
iii.'it  temperature.     This  may  he  eiTecU'd  ru  two  diflVrenl  \vu\a 
0  \mm}  method  ofcouductwg  the  cxperiiiient  i;*  to  add  a  ^lorlvjiv 


u 
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of  the  di88olviiig  litjuor  to  a  great  excess  of  tbe  salt  to  be  exatnim^d, 
nnd  liavmg  beatea  tbe  mixture  for  at  least  half  an  hour  to  thtt 
required  point,  the  liquor,  which  by  that  time  will  have  takeu  up 
all  tlie  flalt  whit-h  it  ia  capable  of  dissolving  at  tliat  teuipeniturc, 
may  be  poured  off,  and  considered  as  saturated.  The  same  result 
may  be  obtained  bv  operating  at  a  higher  temperature  than  tbut 
at  which  tbe  solution  is  to  be  effected,  and  afters  ardis  allow  ing  tho 
b'quor  to  cool  down  to  tbe  required  point,  at  which  it  should  bo 
kept  stationar)'  for  a  considenible  time.  The  Baits  ai*e  u«UiJly 
more  arduble  at  high  than  at  low  temperatures,  and  it  therefore 
followii,  that  on  cooling  a  solution  saturated  at  a  higher  point  ol 
the  therniometric  range  to  one  which  is  lower  in  the  scale,  A 
certain  portion  will  be  deposited  in  the  solid  form,  whikt  tliats 
quantity  only  will  remain  in  solution  whicb  corresponds  to  tbQ 
point  to  which  tbe  liquor  baa  been  cooled.  Eipenment  proves 
that,  with  careful  manipulationj  these  methods  lead  to  result* 
perfectly  identical ;  but,  imlcFs  great  care  be  taken  to  prevent 
errors,  the  second  process  is  apt  to  be  fallacious.  Thitt  ariiiea 
from  the  circumstance  that  solutions  of  salts  which  are  more 
soluble  in  warm  than  in  cold  water  possess  the  pro[>erty,  whea 
cooled  down,  without  being  in  contact  with  crystals  of  the  isalt 
whicb  they  liold  in  solution,  of  retaining  n  larger  portion  of 
guild  mutter  than  the  nonual  amount  corresponding  to  that  tem- 
perature.  Tliis  inconvenience  may*  however,  be  obviated  by  ihft 
introduction  of  a  «maU  crystal  of  tbe  salt  operated  on  into  tbo 
eatumted  solution,  which  will  determine  the  elimination  of  tba 
redundant  salt,  and  deposit  it  in  a  crystalline  form. 

To  deteniiine  tbe  srdubility  of  a  salt  at  a  given  temperat      

ia  necei»sar>'  to  ascertain  tbe  weight  contained  in  a  solution  satU' 
ratcnl  at  the  required  point.  This  may  be  done  by  evaporating 
with  proper  precjiutions  about  1000  grains  of  tbe  soUition  ti>| 
dryness  in  a  platinum  capsule.  On  first  weighing  the  cn^isulr  andi 
residue  togetber,  and  afterwards  deducting  the  weight  of 
eapiiule  from  the  sum,  the  amount  of  drj-  salt  contained  in 
qimntity  of  the  solution  will  be  found. 

If,  then,  we  call  W  the  weight  of  the  solution  subwitt 
evaporation,  and  w  the  weight  of  anhydrous  salt  found,  (W — ») 
will  be  tbe  weight  of  the  water  prewL-nt*     A  weight  repr '-'•'*-* 
by  (TV — w)  of  water,  will  then  dissolve  a  weight,  le,  of  ait 
twit:  consequently,  1(X)  parts  of  water  will  disstilve,  at  u  ^rl 
totiiperature,  T,   n   quantity  of  anhydrous   salt   represented 


100 


If  thv  crystalliBcd  wilt  coDtamB  water  of    cty! 
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IfYvnncs  a  question  as  to  wliat  quimtitj  of  water^  at  ft  gnrco  I 
f  Tuture,  T,  will  clisdolve  a  stated  weight  of  the  cmtaDiaed 
ir.'i  T  be  the  weight  of  water  of  erystaJlisatioD  combined  with  the 
nijigKt  K?,  of  anhydrous  salt  to  fonn  (iff  -*■  «■)  of  the  bjdFBtcxl  aalt. 
Then  will  ( W — w — v)  represent  the  amount  of  water  raqaind  t©^^ 
dissolve  the  weight  {w  +  x)  of  the  hjdrated  salt- 

Since,  then,  a  weight  of  water  represent<*d  by  fW — » — »),  will 
dissolfe  a  w^eight  (<r— ir)  of  hjdrated  salt  to  rorm  a  aaturatrd 
wlution  at  the  temperature  T,  it  follows  that  lUO  part«  uf  waitT 
will  form  a  satunited  solution  at  the  sazne  t^tnperature  with  iho 


weight  100 


W 


—  of  the  hjdrated  cryatalliaed  aali  \  and  tkaa 


100  partts  of  the  same  hydrated  salt  will  be  diaaolred  bj  the  weight 


100 


pants 


of  water. 


It  not  imfriv^aently  hAppens  that  the  atooimt  of  wiilt  tli^HfAvtii 
in  a  uivpn  •lufiTitity  of  solution  may  be  mofe  accurately  aud  vou- 
'lined  by  a  chemical  eatimtttioi^  than  b^  the  usual 
J  H rating  to  dryness  and  sabaequent  weighing.     It, 
I  ,  it  be  required  to  determine  the  weight  of  solpkate  of 

^'•' -  ined  in  a  given  quantity  of  liquor,  it  may  be  readily 

aacertained  by  adding  chloride  of  barium  to  a  weighed  portion  of 
thu  fkolution  of  the  salt.  The  sulphate  of  baryta  which  is  preci- 
pitated. aJ^er  being  collected  on  a  filter  and  washed,  is  calcined  and 
weiglied,  and  iVoni  the  result  obtained  the  quantity  of  sulphate  of 
fioda  originally  present  in  the  solution  is  easily  deduced. 

Let  W  be  the  weight  of  sulphate  of  baryta  found ;  ihe 
positioii  of  this  salt  is — 

One  equiv.  Baryta 76*64 

„         „      Sulphuric  acid    .     .  4000 


„     Su^hate  of  baryta.    . 


116  04 


li  IS,  therefore,  evident  thai  a  weight  W,  of  sulphate  of  bafrta 
40 

ttmv^riTtruU  to  W of  sulphuric  acid. 

116*64  ^ 

tm^iinLW  t )!'  Soda  is  cotn 


I 


of- 
One  equiv,  of  i 

Sulphuric  acid 

„        ^     Sulphate  of  soda 


30-97 
4000 

70.97 
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CoDBequcntly,  the  weight  of  sulphate  of  aodo,  whifh  correspont 
the  amoimt  W of  Bulphuric  acid,  and  therefore  the  wei 

W,  of  sulphate  of  bnrji^a,  maj  be  obtiiiiK^d  by  the  proportion — 

40 

40  :  70.97  :  :  W  — ;  i 

115^64 

70.97 

From  which  we  obtain —  «  ^  ^  ^T^TT 

llb,D4 

This  method  of  determination  may  be  used  fur  the  piirpotft 
estimating   any  of  the  sulphates,   whilst   sulphuric  add  can 
similarly  employed  with  regard  to  the  baryta  salts. 

The  solubility  of  the  chlorides  ia  eodily  ascertained  by  the  addi* 
tioB  of  nitrate  of  silver,  and  the  subsequent  weighing  of  thft 
insoluble  eWoride  formed,  and  conversely  the  solubility  of  the 
fiilver  sivlts  may  be  estimated  by  meang  of  the  sohible  chlorides. 

It  ia  a  remarkable  fact  that  many  salts  are  more  soluble  in  solu- 
tions of  other  salts  than  in  pure  water.  A  soluticin  of  nitrate  of 
potash,  saturated  at  a  given  temperature,  is  unable  to  dissolve  a 
further  portion  of  this  substance  at  that  temperature ;  but  if  a 
little  common  salt  be  added,  another  portion  ot  the  nitrate  is  diB- 
solved.  The  solubility  of  nitrate  of  potash  is,  on  the  contrary, 
weaker  in  solution  of  chloride  of  potassnim  than  in  water,  and  the 
addition  of  tbis  substance  to  sattirated  solutions  of  nitre  frequently 
gives  rise  to  the  precipitation  of  minute  crystals  r>f  the  latter  salt* 

Actton  of  AcliiM  on  the  Saltn. — WTien  the  acid  which  ia  made  to 
act  on  a  sidt  is  tbe  ssmie  as  that  contained  in  the  salt  itselt^  it 
fi^uently  combines  with  a  further  portion  of  acid,  and  bect^mes  an 
acid  salt.  Thus,  if  an  excess  of  sulphuric  acid  be  added  to  sul- 
phate of  potash  KO,SOii,  the  acid  bisidphate  of  that  base  KO, 
2  SOj,  is  formed.  Li  the  aame  way,  if  a  em-rent  of  carbimic  acid 
b©  passed  through  a  solution  of  neutral  carbonate  of  potash  KO, 
CO,,  anotber  equivalent  of  that  acid  is  absorbed,  and  the  bi- 
carbonate of  potash  KO,  2  COa,  is  produced. 

If  the  sidt  is  incapable  of  forming  fresh  combination*  with 
further  portions  of  ttie  acid,  it  usnatly  merely  dissolves  in  the 
eiceas,  particularly  if  tbe  acid  be  miied  with  a  considerable  amount 
of  water. 

When  tbe  acid  which  ia  made  to  react  on  the  salt  ia  tlilTennit 
from  that  which  is  already  combined  with  its  bii^^e,  decomposition 
takes  phice  under  each  of  the  following  cireumt^tances.  If  the 
Bait  be  soluble  in  water»  and  an  acid  be  added,  which,  by  uniting 
with  its  Ijiase,  ia  capafej  ''  a  compound  insoluble  m  thivt 
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trniim,  the  insoluble  salt  will  be  produced,  and  the  acid  nt 

c«>inbLned  with  the  base  will  be  eliniinaied  in  the  fr^e  Ktat«, 

When  sulphuric  acid  is  poured  into  a  solution  of  nitrate  of 

IWrta^  a  precipit^tf  of  insoluble  sulphate  of  barj  ta  is  immediately 

],  sod  the  nitric  acid  remains  in  an  uncombined  state  in  the 

the  salts  formed  by  the  union  of  the  base  with  each  of  the 
j^reeent  are  equally  soluble  in  water,  it  is  usually  impoiaible 
decide  with  which  of  the  acida  the  ba«e  is  combined  in  the 
lution.  But  if  the  salt  fumied  by  the  second  acid  is  lesa  soluble 
that  produced  by  the  iirstt  the  decomposition  may  invariably 
effeetca  by  evaporating  the  liquor  to  the  point  at  which  the 
md  c^n  no  longer  be  held  in  solution,  when  it  is  deposited  as 
in84jluble  salt,  according  to  the  law  above  given,  aa  the  salt  is 
rraily  insoluble  in  the  liquor  at  the  state  of  concent  ration  at  which 
it  was  deposited- 
If  8ui[ihuric  acid  be  poured  into  a  solution  of  nitrate  of  potaah 
fjary  tem[K?rature  of  the  atmoaphere,  no  decomposition 
otly  take  place  j  but  if  the  hquor  be  evaporated  by  the 
tl  luaf,  a  precipitate  of  sulphate  of  potash  is  obtained,  that 
It  beinir  less  isoluble  than  the  nitrate  at  elevated  temperaturea. 
The  nitrate  of  potash  is,  on  the  eontrarv,  less  soluble  than  the 
Bulphate  at  low  temperatures,  as  nitric  acid  is  capublo  of  deeoni- 
posing  the  sulphate  of  that  b:iae  at  32*^  Fah. ;  and  it  is  therefore 
rvidtnt  that  the  action  of  acids  on  the  salts  is  materially  influenced 
temperature  of  the  solutiona  in  which  they  are  brought  into 
t  with  each  other, 

decompOHitiou  of  a  salt  by  an  acid  is  sometimes  determined 

I    Jj  iijt  iusulubility  of  the  acid  which  it  contains.     Boracic  acid, 

taniieh  ia  but  slightly  soluble  in  water,  is  eliminated  from  its  com- 

f    IjTTtntion*  with  theba*<e8  on  the  addition  of  one  of  the  stronger  acida 

t'.  tli.ir  solutions.     If  to  a  concentrated  solution  of  borax  we  add 

r  sulphuric  or  nitric  aci«l,  a  precipitate  of  borat^ic  acid,  in  the 

of  pearly  crj'staUine  plates,  is  inHucdiatcly  produced,  whilst 

Ipbate  or  nitrate  of  soda  remains  in  solution. 

1  the  salts  may  be  decomposed  by  the  addition  of  a  less  volatile 

than   that  which  is  contaiJicd  in  the  salt  itself.     Carbonic 

which  ia  gaseous  at  ordinary  temperatures,  is  but  slightly 

lie  in  water,  and  is  therefore  readily  displaced  by  nitric  acid, 

the  cold,  as  this  acid  is  not  only  a  liquid,  boiling  at  a  tem- 

e  above  212'  Fah.,  but  is  itlso  extremely  soluble  in  water. 

Itrated  sulphuric  acid  enters  into  ebullition  at  017^  Fah., 

eou»equently  has  the  power  of  decomposing  the  nitrates  at 

temperatures.     Phosnhoric  acid  is  still  less  voUtiie  tkau 

rbiiric  acH  aud readUj repkcea  it  when  heated  'with  its  walla*, 


^^ 
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and,  finally,  silicic  acid,  which  is  again  moro  stablo  than  an?  of  thd 
preceding,  completely  decomposes  the  phosphates  when  brouglil 
in  contact  with  them  at  yery  elevated  temperatures. 

When  a  salt  containing  a  gaseous  acid  which  is  but  slti^h^^ 
solubk^  in  water  is  acted  on  by  another  gaseous  acid  possessing; 
similar  properties,  and  having  at  the  same  time  about  an  equajj 
affinity  for  the  hnse  of  the  salt  as  the  acid  with  which  it  is  com- 
bined, tliiit  acid  which  is  present  in  the  greater  proportion  ^t1 
inrariiibly  cliniinate  the  other.  In  this  way,  if  a  current  of  car 
bonic  acid  be  passed  for  a  considerable  time  through  a  solution  oi 
an  alkaline  sulphuret,  the  wliole  of  the  hydrosulphuric  acid  will 
eventually  be  expelled,  and  a  pure  (*arbonate  of  the  alkali  be  formed 
On  the  other  hand,  if  a  current  of  sulphurrtted  hvdrogen  be  paaeec 
through  a  solution  of  an  alkaline  carbonate,  caruonic  acid  will  bl 
evolved,  and  a  pure  sulphui'et  of  the  alkaline  metal  ultiinat'elj 
obtained. 

Aetlim  of  Bimri  on  the  ]iait«. — Wlien  a  fiirther  quantity  of  tbi 
base  whicli  it  alrea<:ly  contains  is  added  to  the  solution  of  a  aalt^ 
it  very  fi*equently  happens  that  no  chemical  change  ensues.  Thi( 
is  always  the  case  when  the  combined  acid  is  incapable  of  foriniii| 
with  the  base  a  more  basic  salt  than  that  originally  operated  on 
If  to  a  solution  of  sulphate  of  potash  we  add  a  further  quantity  oi 
that  alkali,  and  afterwards  evapomte  to  dryness,  the  orifiinal  sul- 
phate of  potash  will  again  crj  staliise  without  having  combined  witt 
any  further  portion  of  the  additiouid  base.  Sometimes,  however,  q 
new  compound  is  formed.  Potash,  added  to  a  solution  of  bisul 
phnte  of  that  alkali,  will  be  found  to  yield  crystals  of  the  neutm 
sulphate  of  that  base;  and  if  a  quantity  of  oxide  of  lead  be  addei 
t^»  a  solution  of  neutral  acetate  of  the  oxide  of  that  metal,  a  bastt 
acetate  of  lead  wiU  be  obtained. 

When  the  base  which  is  added  to  the  solution  of  a  salt  U 
different  from  that  which  it  already  contains,  deco!npo«itioil| 
attended  with  the  formation  of  a  new  salt,  often  takes  place.  Thai 
change  is  de|x»ndent  on  circumstances  analogous  to  those  wKiol 
determine  the  action  of  acids  on  the  salts.     The  soluble     ''  -i 

gencnilly  decomposed  when  the  acid  added  to  its  solution  i 
of  forming  an  insoluble  compound  with  its  base.  Thus  the  iiddi-J 
tion  of  bar>ia  to  a  sotuti(»n  of  sulphate  of  potash  deti^rminrs  th4| 
ppecipitation  of  sulphjtte  of  barjia,  and  caustic  potasli  rt^mainj*  tql 
solution,  In  the  same  way,  barv'tn  causes  the  decomposjfion  ofl 
cjirbonatc  of  potash  whr^i  :  nito  contact  with  1 

of  that  aub?tancc;  insui  lonnte  of  baryta  i-  i.'ij 

H|i|fi|ttBt:  iiH  in  the  iit|iior.     The  state  of  >  xlifl 

^^PHBta  Ltion  has,  however,  a  ^ni  ttill  '^4 

^Pbe  and  extent  of  the  chaugtM  effeoted^^-aA  ou  boiliiig  dil 
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^  bftryta   with  »  couoentrated  solutiao  of  potaeli,  a 

amount  of  the  csrbonmte  of  that  alkali  is  obtaioed, 

ided  with  the  formation,  of  a  oorreepoixditig  portion  of  csustic 

the  decompoffition  is  effected  by  the  insolubilitT  of 
bfUie  contained  in  the  salt.  If  a  solation  of  potonh  be  added 
t  •  a  Ji^uicl  containing  nitrate  of  copper,  the  hydrated  oxide  of  thin 
mitaJ  ]ji  at  onee  preapitated ;  and  the  same  takea  phM:e  with  regard 
ttall  the  tUM'luble  metallic  oxides  when  their  salta  are  ainiikrljr 
trasttd.  It  L^  howeveff  neoessaiy  to  remark  that  the  decumpo* 
■iiaa  of  the  metallic  salts  b^  the  alkalies  does  not  entireir  depend 
m^^-  '-  '  'iibilitr  of  the  oiide*  of  the  metals,  but  is  in  ak  proba- 
bl  '-at  degree  influenced  bj*  the  superior  affinity  posseaaed 

aii^uLies  for  the  acida  forming  the  electro-negative  conati- 
of  the  salts  operated  on. 
not  unireqaently  happens  that  an  inaoluble  metallic  oxide 
[posee  a  salt  formed  by  a  baae  which  is  also  im»oluble.    Oxide 
,  added  to  a  solution  of  nitrate  of  copper,  effects  the  decom- 
of  that  salt ;  nitrate  of  BilTer  is  proauoedf  and  the  oxide  of 
ia  precipitated.      In  this  caae  the  decomposition  ia  not 
by  the  greater  solubility  of  the  oxide  of  silver,  but  ia  the 
r  toe  preponderating  afluiity  of  the  oxide  of  eilver  for  the 
acid  present  in  the  aait. 

the  baae  of  a  Bait  ie  volatile,  it  is  usually  expelled  by  those 
which  are  fixed  at  the  temperatures  by  which  the  first  arc 
iiiiiUBated.  Thus  lime  easily  expels  ammonia  from  ita  combina» 
tiooa;  and  the  same  effect  Is  produced  under  the  influence  of  heat 
br  the  other  metallic  oxides,  althou^  in  many  cases  they  are  pn^- 
cimtated  from  the  solutiona  of  their  salts  on  the  addition  of  this 
•Ikali. 

ActlaB  •r  tlie  Salta  ^n  ear*  aClier. — The  mixture  of  different 
idla  gives  rise  to  various  phenomena.  8ometiniej»  they  combine, 
ind  form  double  salts.  8ulphate  of  alumina  combines  with  sul- 
phate of  potash,  and  forms  a  double  salt  known  by  the  name  of 
Chloride  of  potassium  combines  with  pcrchloride  of  plati^ 
and  yields  a  crystalline  double  chloride  of  platinum  and  potaa- 
At  other  times  no  apparent  reaction  takes  place  between 
two  salts ;  and  on  evaporating  the  solution,  the  salts  at  fint 
Ived  are  again  obtained. 

fi^uently,  however,  mutual  decomposition  of  the  mixed 
,ea,  and  others  are  produced  totally  different  in  mai^  of 
'  3T8  from  those  originally  preaoLt. 

neutral  salts  mutually  decompose  each  other,  salta 
which  are  themaelves  also  neutral    Thia,  mtb  tnan^ 
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other  principles  relative  to  tlie  double  decomposition  of  the  salbi, 
iuid  the  tiction  of  the  acids  and  basea  on  thia  class  of  compoundi!* 
are  known  by  the  name  of  the  kws  of  Berthollet,  and  are  of  coti- 
Btant  applicitton  in  tho  cbeiiiical  arts. 

SfutuaJ  Artlim  <ir  Saline  llolutloiia  on  «iu;h  nthtr. — Wlicn  the 
Bolutions  of  the  salts,  which  by  the  mutual  interchange  of  iheir 
acida  and  bases  are  capable  of  producing  an  insioluble  salt,  aro 
mixed  toj^etht^r,  this  decomposition  invixriably  takes  place*  and  tbo 
insoluble  salt  is  precipitated.  If  a  solution  of  sulphate  of  ftoda  be 
poured  into  a  solution  of  nitrate  of  baryta,  insoluble  sulphate  of 
DarHa  will  be  pn-cipitated,  and  nitrate  of  »oda  retnnina  (ussolvod 
in  the  liquor. 

NaO,  SO,+BaO,  NO.=BttO,  S0»+>.3U,  NO.. 

In  the  same  way,  if  a  solution  of  carbonate  of  soda  be  poured 
into  a  solution  of  eldoride  uf  calcium,  carbonate  of  lime  will  be  pre- 
cipitated, and  soluble  chloride  of  sodium  formed. 

NaO,  CO,^-Caa=CaO,  CO,+NaCl. 

In  order  that  mutual  decomnoaition  should  take  place  bet 
two  S!dt8,  it  is  not  neceawarj  tliat  by  an  interchange  of  elements 
they  tthould  be  capable  of  forming  an  insoluble  comi>oujid,  but 
merely  that  they  should  give  rise,  undcT  certain  circum stances,  to 
a  ealt  leas  soluble  tlian  either  of  those  originally  bi'ought  in  pre- 
sence of  each  other.  If,  for  example,  we  add  a  solution  of  chloride 
of  potassium  to  another  of  nitrate  of  aoda,  and  evaporate  the  mix- 
ture at  a  low  temperature,  the  two  proximate  salts  separate ;  the 
chloride  of  potaasium  crystalliBes  out,  and  the  nitrate  of  soda 
remains  in  Bolution.  If,  on  the  contrary,  the  solution  be  evapo- 
ratc*d  at  the  temperature  of  ebullition,  a  double  decomposition  taketi 
place ;  chloride  of  sodium,  which  at  this  temperature  is  the  leant 
soluble  wdt  which  can  be  produced  by  the  combination  of  the  lurtds 
And  alkalies  present,  is  deposited,  and  nitrate  of  potash  remauiit  in 
the  liquor,  which  uu  being  decanted  deposits  the  erystalB  of  nitre 
on  cooling. 

The  uiBoluble  sidts  may  frequently  bo  decompoaed  by  builinj* 

.icid 
8alt« 
V  of 


during  a  long  time  in  solutions  of  those  which  are  tn- 
This  may  always  be  eflected  when  the  base  of  the  pr 
luble  salt  is  capable  of  forming  another  hisoluble  salt  v.  .  .  . ,. 
of  that  which  is  made  to  act  upon  it.     Thus  the  insoluble 

f.^niT,...!  v.,   L.^vt'i,  strouti"    '^-^   '*"*• — ^such  a*  t'-^-  ^!.i..»-v« 
itia,  Hnd  i  and  art^ 


nine, 


cumiMi'Uiv  lie 


compo»ed  b\ 
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•ohitton  of  airbonaU?  of  j)otash  or  &o(la.  The  carbotiates  of  baryta, 
stronti^  and  lime,  are  fortiiecl,  and  the  alkaline  base  renuiina  ill 
iobirM.Ti  i'ontbined  with  the  acid  of  the  original  insoluble  salt 
oj'  u     It  18,  however,  neeessarv  to  emploj  a  large  excess  of 

tL  .».,»....,..  carbunate  to  effect  this  object,  as  otherwise  the  decom- 
poMitioii  will  be  found  to  be  incomplete.  If,  instead  of  making  the 
«dtA  react  on  ea^^h  other  in  the  state  of  solution,  they  are  fused 
to^tbtsr  by  the  aid  of  heat,  this  decomposition  will  ntit  only  take 
yhea:  with  greater  rapidity,  but  the  operation  will  abo  be  found  to 
hare  more  completely  succeeded  than  in  the  former  case,  Wht*u 
thifli  bitter  method  is  employed,  the  fussed  mass  should  be  sub- 
•equeotly  treated  with  water,  when  the  soluble  salt  will  be 
<Eikso1v(k1,  whilst  that  which  ia  insoluble  may  be  separated  by 
filtmtioD. 

Arititn  of  ntdtm  on  each  other  by  tbe  nry  way.— Wben  the 
talta  fonned  by  the  combination  of  the  same  acid  with  two 
diiEBTeDt  bases  are  strongly  heated  together,  it  frequently  hap- 
peiii  thj&t  they  combine  in  definite  proportions,  forming  a  double 
■tit,  which  crystallises  during  the  cooling  of  the  mass.  In 
tikis  way  many  of  the  double  silicates  are  obtained,  which  are 
not  only  found  to  be  combined  in  definite  proportion,  but  also  to 
eonrapond  in  every  respect  to  those  produced  by  the  hand  of 
ITatiire. 

The  double  chlorides,  and  many  other  double  salts,  may  be 
prodnceil  in  the  same  way :  but  it  frequently  happens  that  ui 
at^  "  -  *  ■  _-  *  '  -^  -ri  them  afterwards  in  a  state  of  solution,  dccom- 
l'  place,  attended  T«.ith  the  reproduction  of  the 

•  I'  u^.      ii  two  salts  formed  by  the  union  of  two  different 

a*  ^a.ies  are  heated  together,  and  are,  by  the  mutual  ei- 

chaug*-'  ul  their  acids  and  bases,  capable  of  forming  a  salt  more 
iToUtile  thaji  either  of  those  originiuly  present,  this  circumstance 
n       *  uines  the  formation  and  elimination   of  the    more 

^  lud.   When  chloride  of  ammonium  is  heated  with  ear- 

hoinUi"  mI  hiue,  chloride  of  calcium  and  carbonate  of  ammonia  are 
fbnnrfi, 
DftUyi 
tbe<:l'  calcium  remains  in 

it  4'hlon<h'  of  calcium  be  heated  with  sulphate  ol  ammonia, 
•  if  umiuouium  in  driven  off,  and  sulphate  of  imie  is  left. 
tT  frequeutly  happens  tliat  the  reacticms  obtained  by 
'  ''Mig  a  mixture  of  two  salts  in  the  dry  way  yield 
the  opposite  of  those  found  by  the  humid  treatment 
i ,  -ri"  the  same  compounds.  Thu«  it  has  b«H>n  just  stated 
ating  a  miituro  of  chloride  of  ajBnioiiium  and  ciurboiiallfe 


whtf-h  ia  a  salt  far  more  volatile  than  either  of  those  origi* 
iful  eon.He<iuentlv  escapes  in  the  form  of  vapour,  while] 
cah'ium  remains  in  the  crueible.     For  the  same 


rlib 
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of  lime,  carbonate  of  ammonia  aod  clJoride  of  calcium  ate 
duced ;  whilst,  on  tbe  contmry,  a  precipitate  of  carboBiite  of  lime 
is  obtained  by  pouring  a  solution  of  carbonate  of  amraouia  into 
one  of  chloride  of  calcium.  In  the  first  case,  t!ie  decomposition  m 
effected  by  the  \tilatiiitj'  of  the  carbonate  of  ammonia ;  and  in  tiw 
second  instance^  by  the  insolubility  of  the  carbonate  of  lime. 


CHTSTJLLLOGEAPKY 


i  sFFrBTirui  obspnrer,  on  examininpr  the  various  solid  bodies 
JJtt  iritJi  m  the  minpral  kiii*^dum,  will  bo  int'lin***!  to  <'on»ider 
Aeir  numerous  and  different  Ibnns  as  the  result  of  fluinci?,  and 
tnll  f:iil  t-j  observe  among  the  profusion  of  cryatals  whii'li  tnerv- 
"  it  themselvces  any  fisted  laws  more  or  less  aflVctint;  the 

;  i.    ju  and  detennining  the  struetiu*e  of  thi'  whole.     On  a 

n>oT\'  Httentive  inFpwtion,  hoM  eyer,  it  will  be  found  that  the  greater 
fv(—  ,,  ..r  r|,t;m  are  aust'eptible  of  afisumin^,  under  certain  eirciuu- 
iilar  geometrical  fonnt^^  which  are  perfectly  identical  in 
iiit  ^.irMJur- specimena  of  the  sume  species;  and  that  manv  ttub- 
SUiirt's  that  present  in  their  exterior  appeiirunce  no  ovideuce 
of  nrstaUidation,  expose,  when  broken,  a  distinctly  crystalline 
Knit'ture, 

'linientary  crystals  are  frequently  bo  small  as  not  to  be 
i  Me  without  the  aid  of  a  lens;   and  we  may  conse- 

qaciiiJy  aJcr  that  others  exist  so  exceedingly  minute  slb  altogether 
^>  e»<:itpe  cmr  obser\  ation. 

B\  !ar  tilt'  L^Tcater  number  of  minernl  bodies  possess  this  erys- 
lalliMi  -f-  I  r  rr ;  and  there  are  but  few  substances  which,  under 
1  iiisttiDces,  do  not  evince  a  disposition  t-o  assume  a 

it  ion  of  the  compounds  which  we  produce  in 

"1  (  apable  (jf  crj'stalJisin^,  or,  in  other  words,  of 

*^MiuiLng  the  above-mentioned  regular  gconietrical  forms ;  and  it  is 

nirth.r  observed  tliat  when  these  are  produced  mider  precisely 

ixiuikr  circumstances,  those  obtained  from  the  same  substance  are 

in  tvm*  respect  identical.     This  pniperty  of  crystalline  bodies 

afftmh  a  rea^iy  means  of  classit\'ln^  minerai  substances^  and  often 

Irnd-  its  aiil  to  the  chemist  in  determinbig  their  true  constitution, 

Tbe  forms  ai»sumed  by  the  diflerent  minerals  and  yalta  occurring 

••      "  iipear  at  (ii'»t  sight  infinitely  variable,  aiid  independent 

irinriples:  but  hy  attentively  studying  a  great  number 

iL-,  and  their  proE^eswive  derivations,  certain  laws  have 

"Covered  which  materially  reduce  the  number  of  uUiniato 

. .  All  theiie  pohhedrons  are  terminated  by  pkne  iAcea. 
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2dly.  These  fa€ca  are  systematically  arranged,  witb  regard  to 
eacli  other,  and  to  imaginarr  linen  called  axes. 

In  the*  square  prismatic  system,  for  example,  the  two  bases  are 
perpendicuhir  to  the  principal  axia,  whilst  the  other  fat'cs  an? 
parallel  to  that  line. 

In  pNTaniidii  the  faces  are  all  equally  inclined  on  the  axis. 

3dly.  Tlie  faces  of  crystals  are  for  the  most  part  parallel  tWOj 
to  two. 

4thly.  The  angles  of  cryBtals  are  always  projoctiug,  and  never 
retreatujg. 

These  general  laws  Bometimes  present  apparent  anomalies;  but 
a  slight  examination  of  the  seeming  exceptions  is  usually  sufficient 
to  discover  their  causes. 

It  is  frequently  observed  in  the  diamond  that  its  faces  are  «. 
series  of  curved  planes.  This  is  mostly  occasioued  by  the  gre«^ 
number  of  modifaeationa  existing  on  the  various  angles  and  edges 
of  the  cTj'stal,  and  which  give  at  first  sight  a  cun'ed  appearance  to 
the  different  lines  %vhich  bound  the  solid.  Sometimes,  however, 
the  faces  of  the  diamoud  are  in  reality  formed  of  curved  phmes; 
but  this  probably  ariHcs  from  the  pecubar  circumstances  under 
which  the  cr}'8tul  was  formed,  and  which  apparently  did  not  permit 
of  it  taking  its  normal  extension  in  certain  dtreetions. 

This  convexity,  although  peculiar  to  some  particidar  specimena,  in 
no  way  aifects  others  of  the  same  species, — as,  although  crystals 
of  the  diamond  are  sometimes  found  hanng  somewhat  of  a  sphe- 
roidal  form,  yet  a  vast  many  more  are  met  with  wliich  are  bound**! 
bv  plane  faces;  and  we  therefore  find  that  the  rounded  «pe* 
cimens  are  the  exceptions,  and  not  the  rule,  and  may  cousoqueutly 
be  pfigarded  as  a  sort  of  deformity  of  the  original  crystal. 

Many  crj^  stalline  minerals  and  mineral  sidts  alford  cxainnleg  of 
apparently  retreating  angles.  The  crystals  of  peroxide  oi'  tin  pnv 
sent  this  appearance  so  trequently,  that  its  occurrence  attbrd*  one 
of  the  best  charurteristics  by  which  to  recognise  that  mincml. 

On  careful  exaniinatiou,  liowever,  it  \n\\  be  found  that  tbo«e 
crystals  which  appear  to  have  retreating  angles  are  not  in  rrnlity 
one  crj'stal,  but  two  ;  and  that  the  indented  imgie  is  merely  tbtf 
result  of  the  meeting  and  inipenetratifin  of  two  individuals,  giving 
rise  U)  a  eomiwund  crystal.  The  plane  of  junction  of  the  two 
cnystiUs  iti  UMually  ])arnl[el  to  one  of  the  faces  c*f  the  ftiniple  crjKtai, 
or  to  LHie  of  it»  diagonal  pUnen. 

vimviiffe. — CrvKtali*,  on  bi^big  struck  with  any  hard  su' 
divide  with  greater  facilily  in  .<i<i<i'«M>  .i;,..  n,,r.^  t]i.Hi  id 
and  l\m  prrtperty,  wliich  is  call  i!^ 


to  ctju'ditc  the  cutt 
pttrponrfi  of  ornai' 


Ili'lJLItL     '.'1       illV     iJlWlWI 
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mded  Into  X^M  < 


hf  like  their  forms,  ia  regulated  by  certain 
mgli  loss  absolute  than  tliose  of  crj  stal- 
iij  are  oi'  grfiit  aasistanee  in  distinguishing  the 

m  sub^^L.  „         -    .  .  :i  exhibit  this  property, 
ly.  In  the  same  nnneral,  the  cleavages  are  dwava  disposed  in 
|tf  wfiv   •^"'J   form  iin«^le»  hanng  a  oontftaut  value  betwt^eo 
Bfe«.  ith  the  faces  of  the  ervstul. 

K  W 1  ^tal  prej*entfl  cleavages  iu  three  different  dircc- 

Bm^  -•  by  their  remiion  a  solid,  which  constantly 

K  I  Vi     -     I      M  L:]i\H  for  the  same  spociea,  and  therefore  aftbrcls 

S  :        ;  1 1  -   1    r    :  1 1  •     r    JOCOf^itioU- 

'    When  :\  ini!i>  I  ■!  t».  ^^isses  more  than  thrive  cleavages,  they 
IV    -      The  oue  is  known  by  the  name  of 
t     '    i]pplenientar>'  cleavages. 
^  ftuppi-  .«;  Jit  ..  1  <  i<    \,.4ffl,  althoufi;t  uot  so  easily  discovered 
pul,  neverthclcc^rt  act  an  important  part  in  the  chissi* 
di:itinotion  of  the  substances  which  po«aesa  that  pro- 
Thcy  are  ii«iually  phiced  parallel  to  certain  planes  of  the 
such  aa  tliooe  which  unite  a  HoUd  angle  to  that  which  is 
«it«i. 

bly.   In  the  name  BubatoneeM,  the  cleuvagea  are  ordiniirily  not 
Uy  distinct,  and  the  distiuctnesfl  haa  itaelf  a  certain  rektian 
J,-  nntiirM  of  thc  faccs  of  thc  crys»taL 

the  ckiivage  which  exists  in  the  direction  of  the 
belonfifing  to  the  square  prismatic  syiitem  is  of  a 
er  frc»m  those  which  are  parallel  to  the  vcrticid  facedi, 
are  both  ef[ually  well  defined. 
take  OB  an  ciumple  the  rhomboidal  prism  (fig,  4),  of  which 
|tlie  three  faeet*  Jire  of  a  diflerent  order,  its  three 
will  aLiO  be  foimd  to   be  diliereut.     That 
kkes  place  parallel  to  the  face,  p,  is  more  dis- 
id  more  readily  developed,  than  that  which  fol- 
faee,  ff;  and  this  in  its  trurn  is  more  dretded 
it  parallel  tu  the  face,  m.     This  rdntivr  ftrillty 
will  invariably  be  obtierved  i  e  aub- 

appearini;  to  form  a  bpeciea  of  M>n  in 

lorgnuic  bodtea,  and  at  the  »mne  tiuie  ^lnvvs  the  *' 

nature  of  the  relation  existing  between  the  number  and 
the  deaiages  poHHcsi^d  by  a  substance,  and  tho  form  of 

irtain  minerals,  such  as  sulphate  of  lime,  the  cleavai^o  may 

with  the  greatest  ease,  and  transparent  naereourt  pkU«3 

[•eparated,  either  by  a  knife,  or  by  the  uwe  of  the  nail 

extreme  facility  is,  howen^r,  very  rare ;  and  it  se\di>n\ 

eoo  th»t  the*  cleavage  of  a  mmrral  aui  bt*  detoi'iiiiiied  witl^out 


t 
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the  use  of  considcrnble  force.     The  best  niethod  of  doini^  tin*, 
t-o  place  a  v\mv\  or  8oiiie  other  sharp  iiistrurneut  lu  t\w  pre« 
(liri^ction  uf  tin*  requii-ed  cleavnge,  and  then  striking  it 
haiinner  or  uitilU't. 

The  cleavage  of  niimy  er)'ji»talliiie  bodit^s  van  only  be  det^rm: 
on  dosely  exmnlning  their  structun?  by  the  aid  of  a  strong 
milted  liglit ;  on  doinsf  which,  a  seriea  of  panillel  Hues  na' 
drawn  on  the  faees  of  the  crystal  will  be  observed.     If  a 
itiatrument  be  now  pressed  on  the  surface  of  the  crystal 
its  edge   parallel   to   the   tlirection    of  those  lines,  the  el 
may,  in  most  instances,  be  readily  eflected  by  a  blow  striu^k 
the  back. 

Primitive  and   Secondary   Tormn. — 'By  extending  the  ides. 
clea\ages  to  those  minerals  which  do  not  appear  to  possess 
property,  it  is  easy  to  conci^ive  that  every  crystal  contains  a 
central  nucleus,  around  which  its  faces  are  systematically  p 
This  centra]  foundation  j  which  ispnrely  liypothetical,  is  called 
primitive  form  of  the  cryHtul ;  and  the  aecomlary  forms  are 
V  hich  are  derived  from  it  by  the  apparent  modification  of  it-a 
and  edges.      The  reunion  of  the  law8,  according  to  which 
secondary  faces  are  derived  from  the  primitive  form,  is  called 
ciyfitalline  system. 

CryKtAiiine  »>**t«iii.— It  is  necessary  to  distiDg-uish  between 
m'staliine  sy»tem  and  the  jmmitive  fonn.     The  ri-^'ht  rhom' 
prism,  for  example^  is  a  cns^talline   system ;    but   tlie   r; 
prism,  under  the  aiit^le  101*  42',  iy  the  primitive  fonn  of  a 
of  baryta  ;  wliil*it  that  under  the  Jiugle  lOi"  ia  the  primitive 
of  sulphate  of  utrontia. 

The  sidphntes  of  baryta  and  t^trontia  conseqnently  cryatalliae 
the  same  systems ;  but  a^  the  angles  of  the  h^-pothetic  radiea 

SoKsess   diiFerent  values,   their  primitive   forma  are   necesaari 
illerent. 

fSovrmlns  Forms. — Among  the  various  forms  assumed  by  lb 
CFA^stftls  of  a  mineral  substance,  two  or  three  are  invariably  th 
most  common,  and  in  almost  all  ca^ea  commmiicate  their  gentiil 
appearance  to  all  the  ciystali*  of  that  body.  Thns  the  cr^staJs 
fluoride  of  calcium,  although  freciuently  exhibiting  very  numerou 
inoditications,  possess  the  general  forms  of  the  cube  and  the  octl 
liedron,  although  in  many  iustaiux^s  the  angles  and  ed^cs  are  mod 
fied  by  almost  i]inumei*able  faccttcs  belonginjT  to  some  of  thei 
derived  forms.  The  governing  forms  are  usually  either  the  pri 
tive  fonn  of  the  crystal,  or  one  or  two  of  its  more  siniple  in< 
fications,  although  some  instances  occur  in  which  their  derivati 
are  much  more  complicated. 
The  ierma  employed  in  the  description  of  cryatala  are  th© 


LlWi  ow 


m  iho^e  ordiHArilT  used  in  ^MnnrtfT.  vitk  tfe 
lew,  which  are  peculiar  to  crrvteOof^iafdii. 
VTben  the  base  of  the  pram,  ^.  5,  i» 
«*,  r^,  it  i»  Raid  to  hs*  mmROonlad  bf  n 
If  iu.^t*  :id  of  two  fjires  being  pkweJ  oe  lfc» 


«rft 


n 
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•t  lies  eJtist  which 

gi  ...  ,     lit,  the  baae  of  the 
ttit«d  in  a  point. 
When  the  angles  or  rdsres  of  s  errttii 
irancp  of  being  cut  nuiiy, and  «w 
fiicoi,  which,    nevertheleMi,  ik>  WA 
fonoral  form  of  the  bodv,  they  arc  mW  to  h^ 
dtod,  and  the  crv^tal  is  then  in  »  «»t  of 
govemine  form  to  unother  sore  or 

ti  aymmetrj. — ^Tbeae  lann,  idddi  mre  inl 
i  ibU^  tfie  piuMnire  of  ojfllak  600 


9  ttnri    7    n  in    =rr 


e  to  ei- 

re- 

_.    lar 

kiiid^  of 


BJHHiM  prtSMBi  itsetf  io 


."SSTc 


nf  thrt'e   dLslLuct 


aii»  f' 
•1.11 , 


lal. 


1;.  y. 

and  simdarly  ntiiated  Tilh  nqgvd  to  the, 


itvc  twt'lTi'  : 
tun  iw-nt^rt  ivf  1 

phv.vti 
It  »Mii  be  reiuar 
lekmgtoatliirtjtit 


-^irle*  dispowed  in  tho 


maimer. 


'  twolre  edges  nf  the  bate  are  replaced 
ibsposed  that  those  marked  6\  placed 
'  angles  with  the  baee,  whilst  1 
ans  alao  tttmOaiijr  dii?pf*ee<l. 
le  vertical  edii^es  of  th*  '     ^1 

lenta^  have  not  bct'uuiod  h 

Hb  mii^t  hare  occurrtMl  by  the  application  of  a  thud  ^rder  of 
Itoettes. 

Tbe  cnbe,  fig.  7,  nffrrs  nnr  r ' 
Il>  aij  faoC«  an*  plnrr-r!  tnnc-'  «* 

artabedmn ;  nt  mthoilti 

hr)fvli«<iroa  ha^  ^  1,  the  m<'  -i 

in  crrsinJs,  bewg  the  result  of  cettaxii  t'otv**^ 


place 
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which  ohlige  the  moleculea  of  which  the  body  consiBta  to 
crvataUiue  fortrij  it  follows  that  they  should  ttct  in  the  same  inannef 
on  Biinilfir  parts  of  the  same  crjsUil. 

neiiiiiiettriii  trj' ***!»*— These  laws  gometinieg  present  eertaii^ 
appjireut  exceptions.  Tims  the  en^tals  of  bonieite,  wliich  crys- 
tttllrst^  in  the  cubic  fijstfin,  are  onlv  modified  on  each  of  their 
alteraate  i*olid  angles.  Hauy  remarked  that  this  property  had  a 
constant  rehition  with  the  eleetro-polnrity  of  the  cr}'8tal^  and  con 
eluded  that  those  aupjles  which  correspond  to  the  polea  of  tho 
crystal  were  not  inodified.  This  supposition  would  scera  to  be 
verified  with  i*egard  to  the  tourmaline  and  silicate  of  tjnc  j  but 
iron  p>Tites,  and  some  other  mtneraia  which  are  not  poa^esijcd  of 
electric  propertie«j  present  the  hanie  anomaly. 

•r  tbr  CryKtiaUiie  Systrniw  njid  tbeir  Varlonii  nodlflcmtloitA* — 
The  wvnie  mineral  frequently  assumes  various*  and  aomefcimt'sj  wry 
diaaindhir  forma  ;  but  all  substances  identical  in  their  ehe-tnical 
coiiuinsiition  are  found  in  forms  derived  from  the  same  crysteUl^ 
grapnie  nidienL 

Subatnuccs  dilleriug  in  their  chemical  composition  podsew 
tinct  primitive  fonns.  These  forms  are,  however,  not  imfrequaitlf 
analogous,  aud  only  riifter  from  each  other  in  the  me«eurement  of 
their  angles.  8ometimea,  on  the  contrary,  they  differ  t*ntirt»ly  in 
the  arrangement  of  their  nlanes,  edge«,  and  angh's,  and  in  this 
latter  case  are  said  to  belong  to  different  cryetjdline  avwloms 
These  systems  are  sbt  in  number,  and  comprehend  everj'  deacrip- 
tion  of  ervs»tallised  body  which  can  possibly  occur,  either  inuature 
or  in  tlie  laboratory  of  the  ehemiat. 

According  to  the  definition  wliich  ha«  been  given  of  a  crvstiil, 
ifi  necessary  that  iU  facea  should  be  &y  stein  at  ietdly  arrangeJ,  vithor 
wholly  or  by  groupB,  aroimd  an  imaginary  line  callod  an  ajJa.  la 
order,  then,  to  eetiiblish  the  number  of  crj'stalline  syst^^ms^  it  wtll 
be  Bufficient  to  discover  the  different  arrangenieutB  which  mnv  be 
isgumed  by  planes  obeying  the  laws  of  syinnietr)*  aroimd  tbree 
ULCA  which  cross  e»wh  other  in  a  given  point  in  apace. 

We  may,  in  the  firat  place,  tsuppose  that  the  tlm^e  axe«  interaec* 
each  other  at  rij»ht  auj^les :  or  one  of  them  may  fonn  : 
witlv  the  two  others,  which  may  themselves  intersect  m 
angle.  Again,  an  axis  may  be  pernendicular  to  one  lUil)  ol  thct 
other  axes,  which,  as  in  tfie  preceding  instance,  interbect  at  ~ 
oblique  angle.  And,  lastly,  the  whole  three  aiea  may  iutenoct 
OQch  other  in  an  *)bljque  direction. 

The  lengtha  of  thette  axes  must,  moreover,  be  eiti  '  nr 

and  from  hence  ari«e  the  »ix  dillcrcut  rvl.i  rno- 

to  iiio  fix  crystalline  mtetue. 


^    ±  Two 

«  at  an 


fSfUii^  jmd  li^  tuZiC 
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Tlie  cube  poseesses  two  dintiiK't  sorts  of  elements,  and  the 
ficationa  which  produce  its  deri\ed  forms  may   exist  acpa 
either  on  its  angles  or  edges.     They  arc  also  ciipable  of  nssat 
ditlerent  positions. 

1st,  The  planes  of  the  new  facrs  may  he  equally  inclined  oiil 
edges  or  anf^lea  on  which  the  nuHlificationa  take  pluce,  imd  in  ' 
caae  are  said  to  be  tani^ents  to  those  JiijfrleH  or  edge«. 

2d.  They  may,  on  the  ivther  hsmd,  have  difl'erent  inclmations 
the  faees  of  the  crystal,  which  met't  nt  the  modilieil  edicts  oraiigl 

From  these  amingementa,  two  eompletely  dilfpivnt  elassea 
polyhedrons  arise.     In  the  first  case,  the  residtiug  crystals 
identical ;  in  the  second,  tbcy  arc  simply  regular. 

TAlfOEyriAL  MODmCATIOyS. 


Tsuiffipntlal  nndllleailoiiN  iif  the  Angeles, — According  to  the 
of  BMumetry,  Mheii  a  JiiodiHenticm  tfikes  place  on  one  of 
elements  of  a  crystal,  the  same  niodiiieation  should  be  renrod 
upon  all  its  similar  elements.  In  eonformit}'  with  this  pnnci 
we  suppose  that  by  the  action  of  some  force,  of  the  nal 
which  we  are  if^iorant,  one  of  the  angles  of  the  cube  be  not 

loped,  but  is  rep 
the  facette,  a,  fig. 
having  an  equal  inctinft- 
tion  on  each  of  the  throo 
faces  of  the  cube,  each 
of  the  angles,  a,  will 
necessarily  undergo  the 
same  modification,  and 
eight  precisely  siniUar 
faeett-es  will  hv  productMl 
on  the  eight  solid  angles  of  the  figure.  In  proportion  as  thes^ 
new  or  secondary  faces  incrense,  those  of  the  original  cube  will 
dimhiish,  and  a  point  will  at  length  be  attained,  at  which  the  pri- 
marj'  fonn  will  have  entu*ely  disappeared,  and  the  regular  oct»- 
hedrottt  fig-  10.  hv  produced, 

Rppfular  firt«iirffr«m. — The  inclination  of  eneh  of  the  faces,  a\ 
being  the  same  with  regard  Ui  the  three  axes  of  tlie  original  cube, 
the  rt^sulting  octahedron  is  regular,  each  of  the  triangles  composiiig 
its  phuie  faces  being  not  only  equilateral,  but  also  of  equal  dimen- 
sions. This  figure  consists  of  two  distinct  elements,— viz.,  fi^-e 
quadruple  sohd  angles;  twelve  edges  resulting  from  the  intei^ 
section  of  its  planes, 

Tanicentlal  nodlflratloDH  of  ilir  tlrtifc*,— A  plane  tangentiaHj 
&ffectmg  one  of  the  edk'ta  of  a  cube  fe\vtm\d  V>e  Te-^xcrtiwkfcsi*!  q^  «Il 
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twdvp  eimOar  ^lyee  of  that  body ;  and  i'on»equ^iillj  a  fifjure 

'        ■  '         "      ^    '  <*alie<lruu,  should  liunlly  bt?  tht*  result  iif 

the  facL'B  of  ihiM  iitw*  11  gun*  ore  placed 

■  centiv  of  tlif  ungual  cube,  and  form, 

•tion,  LHjuul  aiii^le><  with  its  three  axiia, 

dodecahcdrou  .  _ 

„  ♦,  14  niiglcs. 

fiices  Jire  rborubs,  of  which  thp  nrt^dcs  inensure  109''  28'  IR" 
31'  4-1". ^Xht  btutw  as  th<»j*o  of  the  dihcibtil  aiiglea  of  the 
tOetahtfdrtiQ. 

■njy  ;iv\'  of  equal  len^hs. 

'    uuiHjual,  and  of  two  diflVront  kinds.     Six, 
b  '^-'4  of  four  jtlttues,  t'orrosjumd  to  the  itn^les  of 

IT  octahedron ;  and  fight,  pn>duct*d  by  the?  uit*eting  of 
»e»,  conrspond  to  the  eij^ht  nulid  anglea  of  thr  cubt*. 
i*thod  of  production  of  tbi»  dgure  from  the  cube  and  re- 
rtahedron    ia  the 
Its  mode  of  gene- 
from  the  cubi,»  is  re- 
ittid  in  fig.  11,  whilst 
live  pottitions  of  its 
anaies  and  edges 
'  the  elementa 
of  i  igraphicRidi- 

eil,  iurc  ^cu  in  lig.  12. 

SYMMETRICAL  HQDlTICATIOJfS  OK  THJS  EDOES. 

mr  neitat^tpahedron. — If  we  suppose  that  a  face  be  produced 
Oil  an  vd^v  of  the  cuhe,  in  such  a  way  as  to  be  unequjilly  inclined 
an  the  htisu\  and  the  vertical  face  phunnl  next  the  observer,  the 
Wd  of  8>^nInet^y  render  it  necessary  that  a  similar  pliine  should 
be  produced  on  the  other  aide  of  the  same  edge,  in  sueii  a  way  that 
if  the  puiut  B,  fig.  13,  represents  the  projection  of  the  ^. 

edge,  the  two  fiu-es  which  will  be  produced  on  it  will         ny^r 

^  ^. )  .I'Ow. 'iiti>f1    in  nitrkfi;L>  Vixr    nh     TiA*  •    f^ni'h     ruling  u  ill  jt  '        ^ * 

be 


-f  "tt'd  in  profile  by  bA,  bA*  ;  each  edge  will  . 

! 'y  two  taeeg,  fig.  14,  and,  n&  the  enstal-       / 
I  ...n   is  bounded  by  twelve  equal  edges*,  the    j^  l 
I  i.try  solid  will  poBHess  24-  faces.     From  the  cir- 
ance  that  the  faeettes  formed  on  the  edges  of  ^*' 

cube  may  po8stets^^  any  giveji  incliimtion,  it  follows  that  the 
ber  of  tfiese  iigurp»  may  be  uuUmlted ;  but,  on  *'\au\\imW(>T\, 
h  Ibund  not  to  be  the  case,  us  nature  only   atVordh  smncsx 
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w 


difieront  cryHtala  of  this  clasa.     The  hexuti'trahetiron,  fif^,  15.  pi 

ttt'Uta  the  general  fonii  of 
cube,  each  fae<?  of  which  il' 
replaced  by  a  p\Taiiiid\ntll 
a  square  ba^e.  It  ib  ooai^ 
posed  of — 

24  isosceles  tnangles 
86  edges 
14  solid  angles. 
1**  '^-  The    edges    are    of   two 

kinda,— 12  which  are  identical  with  those  of  the  cube,  and  24  which 
meet  at  a  point  beyond  the  axes  of  the  cube. 


MODIFICATIONS  ON  THE  ANOLE8, 


Parallel  to  the  Dlaj^tiiialn — The  Trapezolirdrfin. — The  tnodiii- 

catioiKs    uu    tiie    angles  are  of  two   kiiuln;    they   may   be  eitbec- 
paraliel  to  the  diagonals  of  the  faces  of  the  cube,  tig.  16,  or  nl 

with  varioiLd  dej^Teea  of  iucliuation.       In 

first  case,  the  rej*uitin^  aolidti  liaA'e  24 
since   each   of  the  eight  angles   of  the   ci 
will  give  place  to  three  faces.     In  the  80< 
the   number  of  modifications  will  be  doabl 
and    consequently    the    figure    will    have 
faces. 

16. 

Pig.  17  represents  the  trapczohedron.     This  figure  is  coi 

posed  of' — 
24  faces 
48  edges 
2tJ  solid  angles. 
Its   faces   are   symme- 
trical,  quadrilflt^^ral  fi- 
gures, havitig  two  kinds 
of  sides  and  three  spe- 
cies of  angles ;  the  con- 
tiguous    sides     being 
equal,   as  also  aU  tho 
similar  angles.     Tlie  forty-eight  edges  are  of  two  kinds ;  the  longer, 
s,  E,  join  two  to  two  the  anglett  of  the  octahedron.     The  twenty 
shorter  edges.  A,  E,  join  in  the  same  way  the  angh^s  of  the  cube. 

This  form  mav  also  he  produced  by  modifications  on  the  eight 
solid  angles  of  the  octahedron,  as  shown  in  fig.  19,  in  which  caso 
the  trai)ezohedrori  will  be  complete  as  soon  as  the  faces  of  tho 
original  octahedron  have  completely  di*a\)\)caiftd. 


m^am 
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Ihw  9rtnu\*htiLmhraron, — In  this  case  we  hare  to  iupposc  that 
iheiu-  19  ou  the  aTigles  of  the  original  crystal   are  not 

{Mfilji  lin^nnuls,  and  consequently  each  of  the  angles  of 

the  i-i  I  by  six  new  facea  (fie.  19).     When  theae 

hare  r    .  ^  .      ;     voJ  the  planes   of  tne 

crygtnllme  radical,  a  figiiro  Imviiig  48  aides 
(fi|j.  20)  will  be  produced.  This  jfigiire  eon- 
maAs  of — 

4S  scalene  triangles 

72  edges 

26  solid  ani^lea. 
The  edgea  are  of  three  kinds ;  twenty-four,  B,  rf,  ^^' 

taJ^  two  and  tw'o,  join  the  axes;  twenty-four  others,  r/,  a,  join 
tegetber.  two  and  two,  the  anc^les  of  the  cube ;  and,  lastly^  tho 
Wetity-four  whieh  rtniain  join  tlie  angles  of  ^ 

tlie  octahedron  to  tho^e  of  the  cube.  The 
ioli4  angleit  are  also  of  three  kinds:  six 
ingiefl,  8,  occupy  the  position  of  the  angles 
of  the  oi'taheoron  ;  eight  others,  a,  corre- 
spond to  those  of  the  cube ;  and,  lastly,  the 
twelire  ani^leg,  r/,  are  so  situated  as  to  oec-upy 
the  centre  of  the  faces  of  the  dodecu^ 
bedron. 

The  different  suppoeitiona  which  have  been 
mflde^  and  which  amount  to  five  in  numljcr, 
embrace  the  principal  mofliticationa  which  take  place  on  the  cnho 
end  it»  derived  forma,  and  show  that  thia  system,  which  i»  by  far 
the  mo«t  complicated,  gives  rise  to  but  a  few  varieties  of  solid 
polyliedrans. 

HIMIItEDRAL  CBTSTAL9. 

AJthough  it  has  been  announced  as  a  jp^eneral  law,  that  n^henever 
tn  an^le  or  edge  of  a  crystal  is  modified,  all  the  correuponding 
parts  of  that  crvstal  are  sinjilarly  uffected,  some  remarkable  excep- 
tions to  this  nJo  are  occaHioniiUy  met  with. 

The  cube  does  not  atibrd  any  examplet*  of  these  half  crvHtala, 
iinoe  every  solid  body  must  iit  least  possess  four  plane  faces,  whilst 
the  cube  itself  i»  composed  but  of  sijt,  and  therefore  could  not  give 
lise  to  a  body  having  half  that  number. 

Tcfralicdron. — On  the  contrarv',  one-half  of  the  faces  of  the 
CH  1  are  freguentJv  wanting,  and  the  tetinhedroa  Cfts  ^iX\ 

ix  .  jwed  ^  ^'        ' 


f^^ 


y 


^ 


hr\ 
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p«n<iuponai  Dodecnhcdron, — Another  very  commou  exaiople  of 

thest*  half  crystals  is  t'uruklwd  by  the  polyhodroii,  wli    "  '■r.\t^ 

described  imdor  the  mime  of  the  '  ibe- 

dron,  of  whieh  the  form  i*  thut  of  tin.'  cuU*  MiN 
moimtod  by  a  four-aided  pyriiinid  on  oach  of  its 
six  pLiue  Fnces. 

If  Lii  this  solid  twelve  altemnto  fttco«  be  sup 
pressed  in  »itv\i  it  way  that  there  ehaU  be  but 
one  iDodiHcatiuu  oii  each  edi^e,  txs  sliewn  in 
fig.  22,  in  which  tlio  twelve  unart't*t!ted  faces  are 
ehaded,  the  resulting  |>olyhedron  mil  be  <5om* 
posed  of  twelve  simikr  pentagonal  plaiiej*,  Hg.  23. 

The  pentagonal  dodecahedron  is  composed  of  30  edpjes^  which 
are  of  two  kinds ;  six  of  those,  a,  coujilitute  the  bases  of  the  pen^ 

tagonul  planes,  and  eon^ 
spond  l»v  their  position  to  tku 
fae*?5  of  the  cube;  twontv- 
four  edges,  c,  differently 
placed  two  to  two.  The 
an  fries  are  ako  of  two  kindj : 
twelve  formed  by  the  nu-eting 
of  three  ed^cs,  a.  whith  are 
irresridar,   and   c  of 

^  M.  aiijcica    of    ditb.  .♦*«; 

and  twelve  rcguliir  an^leiA,  S, 
which  occupy  the  position  of  the  angles  of  the  cube. 
Its  opyvo^ite  faces  are  parallel  two  to  two. 

TranpipoNrd  cririitalJi. — The  only  corn  pound  or  transposed  err*- 
tals  belonging  to  this  type  are  obaer\'ed  to  occur  in  specinien.-*  «*f 
spinel,  octahedral  iron  on\  and  the  diamond.  In  these  com^s  iha 
crj'stals  consist  of  two  half  octahedrons,  so  joined  od  to  give  riM 
to  a  retreating  angle,  as  seen  in  tig.  25. 

In  order  to  comprehend  the  natui^e  of  these  crystals,  let  09 
suppose  the  octahottron  (fig.  24)  has  by  some  cause  been  divided 

into  two  equal  parts  by 
the  plane,  m  n  o  p  f  ^ 
flrawn  in  o  din^ctioti 
paniUei  t^i  the  facCt 
A,  £,  l>,  of  the  cnrstaL 
If  we  now  i  I  iifit 

one-hjilf  oi  !n»- 

dr.  ,d 

to  » 

r«  fie 
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r-  *   n  of  the  lower^  all  the  points, 

t«o  r  t.  either,  and  three  project intc  nnd 

I      1      This  ii'  prtoi."4elv  the  iippeur- 
uMl     r  N  ^tala  belun^iiiLj  to  thiatype; 
ne  riplftiiatifin  iri,  in  a  geoujetricid  point  of  view,  per- 
rtcrr.     It  iy,  however,  impossible  to  say  what  is  the 
Lfss  employed  by  nuture  to  efl'eet  these  ehauj^es,  »s  there 
evidence  to  »how,  and  it  is,  in  faet,  ver>"  improbiihle,  tWt 
>sed  spetninens  ever  eiisted  hs  rimple  er}  atul» ;  and  eonse- 
Iv  the*  only  in*e  of  thene  t*uppo!<ition»  will  be  ii»  u  »ort  of  arti- 
d  to  I  he  mind  in  tracing  out  the  dit!*erent  relations  betwt^en 
ion»  crystalline  forniB. 
In  taking  simple  polyhedrons,  such  as  the  cube,  Ae.,  m  the 
itire  forms  of  cr^'stalM,  we  are  in  like  manner  oblifjed  to  snp- 
the  varioui*  modilicationH  to  have  taken  place  on  the  angles 
^5  of  the  more  simple  bodies  gubst*qiientiy  to  their  forma- 
whiJst  in  reality  it  is  most  improbable  that  Hiich  should  be 
otw,  «tnce  cn»«tttlfl  thuis  moditied  are  found  to  be  similarly 
I  even  when  too  sinull  to  be  perceived  bv  the  naked  eye ; 
pbeiniij  thein  in  their  proper  solutions,  these  may  be  made 
lin  II  lurjije  size  without  m  the  least  degree  afl'ecting  the  eha- 
or  naoiber  of  their  modification. 
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In  the  cubic  Bystemj  the  three  axes  around  which  the  faces  of 

le  erywtal  are  arnin{:^d  arc  at  right  angles^  and  all  of  equal  lengths. 

the  present  case,  let  u.^  suppose  that  the  axes  ^ 

*  still  at  right  angles  with  each  other,  but  that 

one  of  them,  the  verticfd  axis,  i»  variable  in  ita 

gth,  wbiUt  the  two  others  remain  equal.     This 

idition  dcBtrtjVK,  to  a  certain  degree,  the  regu- 

iriiy  of  the  rrv  at;d,  which  in  consequence  becomes 

iiirrtdy   j<yi]  1  metrical :    itii  horizontal   section  is  a 

-c,  and  its  vcrti(!al  a  rectangular   parallelo- 

Tliia  solid  i»  therefore  a  straight  pnsm,  **^ 

uicli  a  square  bane,  or  a  right  square  prism,  of  which  p,  fig.  26,  ia 
the  liase,  and  M  M  its  vertical  faces. 

EIrmentN  of  the   Itli^lit    »iin»re  Prl«in.  ^In   tliia    prism   the 
ilirl  TiTiL'les  are  eonqjOHcd  of  three  phuie  rii^hl  auLjles  placed  at 
iiicca  from  tlio  centre  of  the  cry  sin  h  and  are  in  enn^- 
*  071  ly  equnl,  but  also  identical  in  their  positions.    These 
are  d  d  by  the  letter  A. 

Th'       ^        'c  of  t^o  kindfi — 
Bl^bt  harvsonta^  s,  not  only  ofeqiml  lengtliH,  but  pkeod  aX^^ 
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same  distance  fi'om  the  ctaitre,  and  consequently  all  modified 
the  snine  time. 

Four  vertieiil  cd^es,  which  (liffer  from  those  of  the  base,  and  aO 
Bunikrly  placed  araimd  the  vertical  nxis.  These  are  couaequently 
of  the  sjmie  kind,  mid  are  represeuti-d  by  the  letter  n. 

It  follows  from  these  reliitionts  t};at  the  right  dqmire  prism  !!• 
Bubjeet  to  three  distinct  kinds  of  iiiodilieation. 

Let  fi  be  \hv  leiiji^h  of  the  eight  equal  edges,  and  h  the  lengtll 
of  the  four  which  are  vcrtieal. 

Ah  tlip  relative  lengths  of  these  t>\^o  distinct  elements  nf  ^ba 
Bolid  are  perfectly  uiidetennined,  it  necessarily  follows  that  an 
infinite  niimbLT  of  right  Njuiire  prisms  may  exist;  imd  it  is  pre* 
ciaely  this  dillerenee  of  relation  between  the  edges  marked  u  and 
those  marked  n  which  server  to  diatingnish  the  dilierent  substanee* 
crystallishig  nuder  tlie  form  of  the  right  square  prism. 

The  bai^e,  v,  will  intcrtsect  the  vertical  axis  at  a  distance  A,  and 
will  be  parallel  to  the  two  which  are  horizontal.  With  regard  to 
the  vertical  faces,  preciijely  the  reverse  of  thiij  will  oecuiv  and  con- 
sequently their  expressions  are — 

For  the  haae,  p, cc  a  ;  oo  n  ;       h. 

For  the  faces,  3i, a  :  cc  a  i  od  h. 

lUficllllrntinnii  on  thr  EdffreH  of  tlie  Bii»e.^From  what  haa  beea 
said  relative  to  the  hiwa  of  j^ynimetry,  it  i^  evident  that  if  one  of 
the  edges  of  the  base  of  the  right  square  prism  be  moditied,  idl  the 
others  must  necessarUy  be  affected  in  the  same 
way,  and  the  solid  (lig.  27)  will  be  produced* 
which,  when  the  planes,  i\  have  become  fully 
developed,  will  appear  as  a  symmetriciil  octahe- 
dron. A  Beries  of  octahedrons  can  be  thus  pro- 
duced, since  the  different  inclinations  which  may 
be  assunii'd  by  the  planes,  b\  will  eoutinnally  vary 
the  heigljt  of  the  crystal ;  but  in  aU  ea.se«  ita  sec- 
tion parallel  to  the  two  other  axes  will  produce  a 
Bqmirc. 

nodlflratlonii  on  tlii'  Vertlral  Eilsrrw.^ — If  these 

moditicatioQs  are  tangeutial,  a  sc'cond  right  suimre 

prism  is  produced,  as  seen  in  fig-  2H.     When  the  mudifiying  planes 

are,  on  the  eontniry,  applied  obliquely  to  the  edges  of  the  cry&tal, 

the  eight-sided  symmetrical  prism  (fig.  29)  is  the  result. 

Mod  meat  ion«  on  the  Anf^iea, — AV^hen  the  direction  of  the  modi- 
lying  jjlancH  are  panillel  to  the  diagonal  of  the  base,  a  series  of 
octahedrons,  of  which  the  edges  of  the  base  are  parallel  to  the 
diagoiuUs  of  the  base  of  the  original  prism,  is  produced.     If  these 
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ices  are  combined  wit ^  ^  the  pHttiitire  »iolid,  tlie 

iPe  is  a  rhornbtjidal  *,  iron,  iii  which  part  of 

fepTS  bi'long  to  the  ongiiial 

rslnl,  and  the  eight  others  are 

iiih  «if  the  octahedral  inodi- 

ri-       WHien   the    weeotuhir}'- 

an*  not  purullcl  U>  the  diu^o- 

ol'tbi*  base  of  the  pritiiitive 

id,  n  dt>uhlL'  plant?  iw  pnxluccd 

each  Molid  aii(^k%  mid  a  tigun> 

Biitern  sides  iet  idtiauitely  ob- 

pre&entiu^  the  appearance 

iight-hidcd  p^rarnidii  joined 

It  i»  rc  mark  able  that  nntiire 

jtft   no    cxnmple   of  pertcct 

?«tal«  nf  this  des^criptioii,  although  they  are  frequently  met  with 

cnnjhiiiatiou   with   uther   furtuB   m  the  zircon,  idocrase,  and 

xixidv  of  tiu.     It8  most  common  appeanitjce  in 

liiTon  \»  that  indicated,  fit;.  30,  iu  which  the 

tr,  lire  thowt*  of  tlic  new  »olid. 

The  most  frf^quent  ciamplce  of  lialf  or   henii- 

h^dnX  crrstals   otJcrcd    by  this   BV'8tciii   occur   in 

fvjfi -tr  pyrites,  which  ia  often  found  crystalliflcd  in 

thr  I  ,rm  of  tetrahedrons- 


THIRD  CBTSTALLOTE  ST8TKM. 

We  have  acjain  in  this  case  the  three  aiet*  placed  at  right  un^lca 
lo  each  other,  but  all  of  unccjuul  Icns^hs.     The  solid  which  results 
[In  arrangement  is  a  straight  prism  with  a 
liar  bai*e  (fig.  31), 

cr\st4il  is  cornpoHcd  of  four  edges  on  each 
-two  long,  B,  and  two  short,  D. 
'It  oon*e*juently  follows  tlmt  the  rectangular 
fill  ])<jsi*esse8  four  distinct  elements — three 
edges*,  and  one  kind  of  angles — eacli  ca- 
'sep:irate  moditiciition,  and  necewHarily  af- 
the  tiecondary  form»  a«y umeil  L)  thecrvBtaL 
\t  notation  of  the  different  faccB  of  the  priemi  will  be — 
For  the  baiie,  p,  .    x  ^  :    x  <?  :        h. 

„              M,  /y  :    oc  e  :    00  A. 

»  ^f     ^  &  :        e  :    05  /u 
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nodfllrAtlonft  on  the  EilsreH. — In  this  priaTn^  since  tlie  re 
ed^ea  arc  all  Hituattcl  at  ftjiiiil  distances  Tron)  the  asis,  they  al 
ajimireiitly  hi*  all  subjc'i!t  to  inodiHt^ation  at  the  same  time, 
is, however,  not  the  ease;  tVn*  iiiasniuch  as  the  faces-^  \i  and  t, 
not  of  the  saijie  kind,  the  modifications  which  may  take  j 
the  vertieal  anf;;k\s,  arisiiiL'  from  the  interaection  of  th- 
planes,  are  not  nece8??arilj  donble. 

When   moditieatirms  take   place  on  the  edges,    n,  in   such 
way  that  the  new  planes  prodnced  are  paraUel  to  the  diagonal* 

the  original  crystal,  the  right  rhombic  Tin«m 
(fig.  32)  is  formed,  which  is  by  many  ni 
gists  itself  tjikeu  a.s  the  primitive  form  fruii.  ...u^.. 
they  derive  the  right  square  prism.  Tlie  circunh 
stance  of  the  laws  of  symmetry  not  ciactuig  i 
retmii  of  the  faeettes  iii  the  moditieatioTis  whicJj 
take  place  on  the  vertical  edges  of  the  solid, 
32^  of  the  production  of  various  pri^sma  of  four, 

and  eight  sides,  the  derivation  of  whicli  wiU 
rendilj  understood  by  reference  to  tigs.  *Sli,  34,  35. 
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MortlflratlonM  an  the  Edfren  of  ihe  Baiif.— Tlie  edges  of  the 
being  <»f  two  diflerent  kinds — the  one,  n,  long,  and  the  other, 
short,  it  necessarily  follow»  that  they  allow  of  sepantte  mo" " 
tiori.  If  B  or  B  be  atfected  separately,  the  su 
of  the  crystal  will  be  surmounted  by  two  jdanes, 
which  intersecting  at  a  given  height,  produce  tb« 
appearance  reprt^sented  in  iig.  36,  in  which  tlii 
edge,  B,  is  that  supposed  to  be  modified. 

Bv  the  modification  of  a  and  n  at  the  same  time, 

a  series  of  octalicdrous  with  rectangular   bases 

(fig.  37)  are  obtained,  of  which  the  heights  vary 

with  the  inchnation  of  the  secondary  facea  on  tbi 

edges  of  the  origin ul  cryetal. 

BfodlflrathiTiH  nn  i be  AurIch. — All  the  modificatioris  whicli  arise 

on  the  aurrled  of  this   solid  give   rise  to   rhombic  octahedrona, 

which  ditfer  from  each  other  according  to  the  inclinations  of  their 

producing  planes. 

It  frequently  happens,  however,  that  two  or  more  of  these  oetft* 


y 
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cadit  on  the  siiine  crystal,  r»  in  ing,  38 — a  common  form 
k||i]a  of  nulphiir — a  substanc'e  alfbrcUng  Bomii  of  the  rnont; 
^^kstjda  bekiDging  to  thin  cUisb. 


37. 
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NBlMliedroii. — The  three  preceding  fhisses  comprehend 
olids  of  which  the  axes  are  placed  at  riglit  angles  to  etich 
nd  we  now  tuni  our  attention  to  the  eurii*i- 
nf  those  of  which  the  axes  are  obliquely 
d,  «;imiLUiin^  also,  as  in  tho  fi  inner  eaae,  the 
i  reltttioiw  which  may  exist  between  them. 
>  supnojpe  all  these  axes  to  be  of  euiuil  leu|^fi, 
inbont'dron  (tig,  39)  will  be  founa  to  be  the 
lid  fulHlling  the  required  conditions.  This 
t  four  distinct  kinds  of  elements,  viis,: — 

)  the  smnmitj  a  and  a\ 
Si  ,de8,  E,  E\  &c. 

p  i!5  edges, ;  three  meeting  at  the  »um- 

uina  the  three  others  at  a\ 
Iteral  edges,  arranged  in  zig-xag  around  an 
rr  lifte  (Hjanecting  the  Holid  angles  a  a*.  ThiJ*, 
t  great  symmetry'  of  its  relations  with  the  various  elemcnta 
icrratal,  imiy  be  adopted  as  its  vertical  axis,  but  it  is  necea- 
I  near  in  mind  that  in  this  ease  the  other  axes  will  be 
|it<Ki  by  the  diagonals  of  the  hexagonal  plane  obtained  by 
a  section  tlirongh  the cnstal  in  the  centre  of,  and  perpeu- 
to,  this  new  axis. 

Butation  of  the  tkces  of  the  rhombohedroa  in  relation  with 
yvetral  axes  will  be — 

a  :  a  :  go  a  i  h, 
»  this  stiljd  possesses  four  distinct  kinds  of  elements,  it 
rfly  follows  that  the  rhombohedron  admits  of  four  different 
■  of  nvodifications. 

EflcarJ#>n«  an  ihtf   ralmtamtintF  KdfftK — If  these   mO( 
^  tmtrrentMh  applivt]  to  the  edire:i  of  the  oriinnal  a^, 
r^^^"  '  ^^^^^heequi-uxe  (%.  ^U)",  having 
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aaiiie  heiglit  as  tlie  primitive  solid,  but  a  much  greater  lateral 
sion.     K  another  plane  be  applied  to  tbe  culmmating  edge:*  of] 
eq\ii-axe,    another  crystal   will  be  produced,  haviug  a  still 
flutteued  appearance  tban  the  first.     Theee  L-rystals  are  very 
mou  in  carbonate  of  lime,  and  this  vanetv  is  trc'c{uently  kiior 
nail-headed  apar.     When  thewij 
tications   are   unequally   inclined, 
distinct  faces  will  necessarily  be 
duced,  and  tlie  rcvsulting  solid  is  a 
anguhir  dodecahedron  or  scalenoliet 

Modlllcatlonfl  on  ifeie  Lateral 
— If  these  new  faces  arc  tangents 
the  lateral  edgea  of  the  rhoiuboh*  " 
the  ak-sided  pnsm  {ftp;.  41),  terminated  by  the  planes,  F,  beloi 
to  the  original  eolid,  wiU  be  produced.     When,  on  the  coni 

the  modifying  planes  art?  pi 
oblinuely  «in  the  lateral  e 
the  crystalj  according  to  the 
of  synnnetr}',  two  new  faoea 
be  formed  on  each  edge,  aud  tk 
solid  or  sealenohedron  (fig.  42) 
be  generated. 

null  I A  cat!  CI  an  en  the  Anirln  id 
the   Mumniitn.—Timgcntijil    jnv^di- 
ficatiom*  on  the  angles  a,  a'.   These 
will  at  first  produce  a  triangukf 
face  on  the  angles,  which,  if  fully 
developed,  generate  the  base  of  the 
sii-aided  prism  above  described. 
If  the  modifications  are  not  tangentiid  to  their  angles,  but  arc 
parallel  to  the  huri/.nntal   diagonal  of  the  crystal,   they  \A'ill  be 
rejjlaced  by  three  facc^  belonging  to  another  rhom- 
bohcdron.      Should  the  modifying  phines  not  be 
placed  parallel  to  tlie  diagonal,  the  Bumniit  of  thfr 
crystal  will  be  snmiountcd  by  a  six-sided  p^Tauiid 
belonging  to  a  Mcalenohetlr(.in. 

nodlflratloufii  of  the  Lateral  Ani^en. — Whenthf& 
moditications  on  these  angles?  are  caused  by  pLanei 
applied  taiigcntially  to  the  angh'ji,  a  regular  siX' 
sined  priain  is  j>roduced,  ^vhich  tlitlers  from  that 
obtained  by  modilic^itions  of  the  lateral  edges,  iiiiM^ 
much  as  the  edges  of  the  one  are  placed  in  til0 
centre  of  the  face?*  of  the  other, 

AVhtMi  1  not  tangents  to 

'*^-  the  ri'Miiif)  ^«wce\X4?ia  %r<;^^jn^ 

t/tieed  on  each,  a  *V  w^Vk*^  *\»  ^Xi«  xesi\ii\ 
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r.,5  STstetn  offers  many  examples  of  compound  and  defoniied 

•riJenohedron  of  this  kind,  whicli  presents  tbe  uppe^u"- 

been  divided  through  its  centre  perpendieularlv  to 

liiiAy  and  wonJd  seem  to  have  made  one-siith  piirt  of  a 

around  it,  so  tliat  by  the  meeting  of  two  diynimiliir  edges 

retreating  angles  have  been  produced-     Thi«  form  i»  of 

Mcnrrence  in  specimens  of  dog-toothed  carbonate  of  Hme, 

and  liaa  al»o  been  occasionally  met  with  in  crystals  of  carbonate  of 

ircni  from  the  neighbourhood  of  St.  Austell  in  Cornwall. 
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a  cTTstal  posaesees  three  oblique  axes,  of  which  two  are 

-id  tlie  third  of  nnequal  len^^th,  the  resulting  Bulid  will 
II      t'ii(iae  rhombic  prism,  having  sides  of 

L'tii,  and  of  which  the  tninsverae  sec- 

Se  rhombs. 

^.44  we  suppose  the  two  axes,  X  x\ 
-  t^\  which  are  of  eqind  length,  to  be  repre- 
1  liy  fl,  and  the  vertical  axib  by  A,  the  nota* 
f  e!»i:h  of  the  yertieal  facea  wul  be^ 


iDcl  that  of  the  bas< 


OD  a 


QD  a 


(X  a 


oc  A; 
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In    the  oblique  rhombic  priara  the  sides  of  the  base  are  all 

equal  between  themselves;  but  their  relative  position  with  regard 

'    ''  tieaJ  ?ixis  is  difterent.     The  two  whicn  unite  at  the  angle, 

ijf  the  crystrd,  are  of  one  kind ;  whdst  a,  e,  those  which 

'     r  the  eiystal,  are  of  another  kind. 

H,  that  marked  o  is  composed,  when  the  anglej* 

J,  M,  -\u  are  obtuse,  of  three  obtuse  plane  augles,  whilst 

4,  on  the  opposite  side  is  formed  by  the  meeting  f»f  two 

u^  id  of  one  that  is  obtuse.     An  analogous  ditl'erenou 

*  ved  in  the  caise  of  the  prism  being  acute. 

.  angles,  e,  which  are  composed  of  equal  plane  angles, 

h  th<^  flT:v:T^i^iil  i«  horizontal,  are,  on  the  contrary,  of 

ly  similar.     It  follows,  from  the  natin^*  of 

ui,  that  it  posseesea  seven  distinct  elements, 

I  lodilicntious,  viz. : — 

I        ^  ^' -'^^Ae  extremities  of  one  ofilsiXmcQUAX*. 
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Foiir  fliinfles,  E, — two  situated  on  the  inferior,  nud  two  on 
superior  btt»f  of  the  crystal. 

Your  edges,  b, — two  on  the  inferior,  and  two  on  the  euper 
base. 

Pour  edj^es,  d,  similarly  placed. 
Two  vertifal  edges,  H. 
Lastly,  two  other  vorlicnl  eil^es,  o. 

nofiltlcatliiii!!!  on  the  An;c1e.  A. — The   truncations  which 
place  on  tiiJi*  iiiigle  inay  he  (jf  three  kinds, — 

Istly.  The  projeLtion  of  the  modifyniif^  pUue  on  the  base 

pandlel  to  tlie  dia^nnial,  E,  E.     This  is  the  most  ronmion  ci\^l\ 

2dly.  The  projection  on  the  base  may  not  be  pundlel  to 

dijifjrmid,  whilst  the  intersectioua  with   the  lateral  faces,  vi, 

pai'idlel  to  the  diagonal  of  the  t'aee  opposite  the  modified  jm^jle, 

3tLly.  The  whole  of  the  secondary  faces  may  be  arranged  withoui I 

any  i>nralleli;?m  w  ith  rej^arJ  to  the  diajijormU  of  the  faces.  j 

When  the  nioditication  taUeb;  j)lace  in  a  direction  parallel  to  tin*. 

diagonal  of  the  base,  a  bimplp  truni*ation  take;*  place  an  the  ai^bj 

A,  and  a  bereiment  represented  in  iig.  45  is  produced. 

It'  the  projection  of  the 
tjyry  ^*^r>'  ^^^^  b®  paniUel  to 

^-^   i'-X  x'*^N}|?\      diaj,^dnjd,  e,  o'  (fig.  Hj),  iwT' 

^jC     p  Y  ^^*      ^N.     p  ^\y^   modifying  plancB,  c,  n,  r,  and 
I^B        ^\^yr  n1/H^  ^»  "  1  '*^  ^'i^j  according  to  tb* 

^H      M  \^-^  M  '^  T'n  '"**        ^^^   ^^  i^ymmetry,    be  p«>« 

^H     ^,^  -  '  j  "'v,        duced;  and  the  intersection  of 

^H      XATv^^-^  XZ  ^S^sT  ^'^^*''-"  pliincH  gives  rit^etotlw 

^H  ^"""^  ^^^^^  hevelment  shown  in  tir 

^^1  A  figure,  in  which  tlie  t;; 

^^^^^     i5.  46.  the    8;ike    of  diatinctiuu,  lax. 

^^^^B  partially  shaded. 

»  W  hen  the  line  o,  n,  is  not  placed  in  ii  diivction  pandlel  to  tbc 

!  diagonal,  £,  «>',  the  genend  arningemeut  of  the  crystalj  with  tluit 
eiception,  is  the  same  as  when  another  bevel ment  is  produced  on 
the  angle.     It  is,  however,  less  rcgularlv  placed  with  I'egard  to  the 


to  express  its  notation,  to  state  the  dia^tancea  at  which  the  facettci 
intersect  either  the  axei*  or  the  sides. 

Mo<lilicaliona  aumetimes  occuj'  on  the  angle  o ;  but  these  are  of 
rare  oceniTeuce. 

Modlflcatlnitii  on  the  Angles,  E, — These  angles  being  of  the  same 
kind^  any  modification  affecting  one  must  necessai'iJy  be  reproduced 
on  thofic  uf  the  same  mm  re. 

The  ihceites  fonned  ou  those  an\;\eftAVAtty  l^Tt^\sl^^ife^a^B.\fcxtJnfc». 
iiaaa  as  thot^  noticed  wUh  regatd  to  tW 
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3IOD[F1CJkTIO??S  PAJLUiLEJi  TO  THE  DIAGONAL  A  O  OF  THE  BASE. 

Wt'  ^iU  in  the  first  place  consider  the  modjficutions  which  take 
ill  a  direction  parallel  to  the  diagonal  of  the  ba^se. 
t  n  r^  (^  n   r\  (iig.  47)  represent  the  planes  of  the  tnm- 
"•  produced  on  the  angles,  e,  and  r  n^r*  n\  their  projections 
'>  '^e.     If  we  WQVi  e3ttend  these  planes 
intei"seet  in  f^  K,  we  Bhiill  form  a 
.r,,t   on  the    biwe   which   wilj   entirely 
\'  it  OS  soon  as  the  faces,  M,  M,  are  ex- 
1  so  ad  to  join  the  two  secondary  fa<'es. 
I  r  pinner  will  of  necessity  be  produced  on 
^"■s,  e\  \.\  and  the  re8ulting  erv's- 
I  e  g^hovfg,  is  possessed  of  consi- 
trv- 

ii^jdtficationfl  are  parallel  to  the 

dia^uuid,  £,  a\  of  the  crystal,  the  bevelnient 

w^^c^  in  produced  is  less  i4}Tn metrical  than  that 

1  by  the  facettes,  of  which  the 

piirnllel  to  the  diagonal:  some* 

I V,  other  plaoes  arc  produced  on  the  opposite 

•  oftera  the  only  example  of  these  return  faces 

m  crrst^lM  thus  modified, 

\  ii:il.i/oii»  bevebnents  are  sometimes  produced  by  the  modifica-1 
I  lel  to  the  diAgomil,  A,  e',  of  the  fiice  on  the  opposite  side 
tiii 

when  the  facettes  which  occur  on  the  angle  are  not 
.   lo  unv  of  the  diagonals,  another  species  of  bevelment  ia 

ii«»diflpatlonv  un  the  TMtlcai  Eilfire». — These  ed^es  are  of  dif- 
frjvnt  kindH;  the  two  marked  H  being  placed  at  the  extremity  of 
ihr  wmalKr  dlfiLj»»nal  whilst  o,  o,  are  situated  at  the  termination  of 
Ihf-  lari;cr<  It  fnllows  fmm  this  circumstance  that  they  art^  not  at 
tJif  same  diKtauce  from  the  axis,  and  will  consequently  be  separately 

'  Hidifyiniij  planea  are  parallel  to  the  longer  diagonal, 

111  ffig.  48)  is  produced,  in  whirli  the  facettes  on  the 
ijtven  rise  to  two  new  faces,  /?',  (7',  which,  together 
ints  of  the  faces,  M,  form  the  new  Hj^nre, 
-i,  H,  had  been  modified  in  place  of  those  marked  o, 
T*  Y"  yii-f^ided  |iri«m  would  be  produced,  and  two  new 

h  ,  riil'rUtuted  for  tl»o«e  above  desiTioed- 
\\v  ca-'H"  of  modiftcatiuua  occurring  on  H  and  o  in  the  same 
I,  the  regnltiug  solid  \n  a  reetangular  priam  ^\tH  o\>\\t\w^ 
Thj\'  form  in  aanietfmes  met  with,  particu\aT\y  m  v\» 
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pyroxene,  altliough  it  more  frequently  happens  that  th© 
taces  are  combinerl  vnih  tlioBe  of  the  cryatallograpliic 
wben  these  ore  found  together,  an  eiglit-sided  prisra  is  tha 
When  the  seeondar)'  facettes  are  not 
to  the  diagonals,  a  bevelmeiit  takes  plaea 
of  the  modilicd  edges,  and  a  prisra  of 
eight  aides  h  generated. 

Mofltflicatlonii  on  the  EdRen  of  tlie 
edges  of  the  base  being  of  two  kinds 
modified  separdtely;   hut  as  the   faeca 
crystal  are  not  of  the  same  nature  as  i 
double  fiicettee  are  seldom  produced,  I 
edges  are  eonsequently  merely  aileeted  wil 
nients  of  diiferent  inclinations.   The  edge 
l>,  are  eonietimes  separately  subject  to 
the  same  changes,  which  are  of  the  nature  of  those  seen,; 
When  by  the  Heparate  modi  Heat  ionn  of  both  these  edges 
truncation  is  produced,  the  bases  of  the  crystal  are  Burmouli} 

four -sided    pyramids,  ^ 
on  destroying  the  faced 
original  aohd,  giTe  rifi^ 
octahedron  of  which   a 
faces  are  scalene  triangl 
UeitiiiFoiililc     Cn^Kd 
Many    crystals   belou 
t!iis  class  are  subject 
tortion  or  deformity 
spar  offers  a  variety 
pies  of  this  kind,  and 
to  two  distinct  ^ 
ceptional  formation. 
In  one  case,  half  the  crystal  would  appear  to  have  made  a 
revolution  in  the  direction  of  the  horizontal  diagonal  of  the  ci 
K,  %%  fig.  5iK  when  a  retreating  angle  will  be  produced ;  and 
other,  a  similar  movement  woidd  seem  to  have  taken  place 
direction  of  a,  o  ;  in  which  instance  the  external  fonn  of  the 
is  not  changed,  but  the  cleavage  is  found  to  be  abruptly  iutei 
on  meeting  with  the  plane  of  rotation,  a,  o,  a',  o'. 


49. 
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^■^       When  the  three  axes  of  a  crystal  are  of  une<jual  length,  til 
^^^-JAQO  longer  possessed  of  the  same  •'  ^  B)'Tnmetrj%  an' 

^^P^figure  resulting  is  an  oblique-angled  i  _;rara. 

P  AU  the  soh'd  angles  are  formed  by  tUe  u\ie<*Vm^  ot  ^Wmst 


^Wm^J 
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Mji  diil^TTTst  Taluea,  and  are  consequently  totallj-  independent  of 
^^r  r      The  edges  of  the  base  are  also 

^^  lisfioct  in  their  nature ;  but  the 

r  »f  two  kinds, — the  one 

I  I  lid  the  other  a. 

^H  tern  contains,  therefore,  ten  dis- 

^^ij  until,  viz.: — 

I 'otir  kinds  of  angles ; 
Six  kindii  of  edge*. 
From  the  number  of  elements  subject  to 
modilication  posKCssed  by  this  »olid,  it  would 

Appear  that  the  clumj^es  to  which  it  is  subjected  must  be  of  a  mucli 
mare  complicated  chanujter  than  thoae  atfeeting  the  foregoing  tjpes. 
In  reality,  however^  this  muitiplicatiou  of  elements  renders  thi ' 
oomprrhenHion  of  the  secondary  faeettes  exceedmgly  eai*y,  as  they 
fiODffist  of  simple  truncations,  whieh  are-  not  repeated  on  the  other 
&ce«  and  ant^les  of  the  crystal.  Fig,  52,  a  form  belonging  to 
udnite^  may  ttene  to  illustrate  this  simplicity  of 
deriratioD.  In  this  crystal  four  distinct  idemtrnte 
ire  modified, — vix. ;  Ihe  augle,  I,  and  the  threo 
ed^ea,  b,  c,  and  a. 

IB  some  eaaea  the  opposite  angles  and  edges  are 
alio  ffl|ibkced  by  smaller  facettes,  which  may  some- 
tnoea  occasion  crystals  belonging  to  this  type  to 
bo  confounded  with  those  of  the  preceiling  ;  but 
oa  carefully  measuring  the  angles  and  faces,  they  will  be  found  to 
Mon^  to  separate  modifications. 

Thi«*  »*  f^"  -'i^o  fnruishes  examples  of  scalene  octahedrons,  which 

an*  p  itber  by  the  simultaneous  truncation  of  its  angles, 

vT     ♦  ^  of  the  base.     These  crystals  may^  however,  be 

#•:  4ied  from  those  belonging  to  the  foregoing  class  by 

nice  of  the  absence  of  that  degi-ee  of  symmetry  ob* 

in  those  belonging  to  the  fifth  crvstjilline  system,  as  their 

merely  afterd  parallelograma,  whilst  two  of  those  belonging  ^ 

Id  th^  (ormer  type  produce  rhombs. 

T  i,»m  of  notation  to  be  applied  to  the  facettes  produced 

oi  belonging  to  this  system,  consists,  as  in  the  case  of  the 

0(bar»,  ui  ascertaining  the  distances  at  which  they  intersect  the 

axc».     But  this  method,  which  is  extremely  simple  in  the 

rejftiliir  types,  frequently  becomes  vcrj-  oomplicat-ed  in  the 

4ralliy  oblique  prism. 

nilfOEFHISM  AND  POLYMORPHISM. 

7/  mMM^xra  Joag-  time  believed  tiiat  subfltancea  poft^eoaedL  ()£  t\iO 
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same  cberaical  composition  Invariably  asaumed  similar 
forma.     The  progress  of  modem  discoirery  has,  however, 
that  luider  certain  circHimstaneca  the  same  substance  maj 
crFstals  bidonj^ig  to  two  different  systems.    In  this  way 
of  lime  is*  found  under  two  iuronijiatible  forms.     It  ueually 
tallises  iu  the  fourth  8yf*t<ijn,  and  all  the  fra^cnts  prod 
cleavag:e  wH]  be  found  to  be  rbombohedrons  with  angles  of 
Leaa  frequentlv,  ppecimenB  of  this  substance  are  met  ^nth 
cr}'8taUi»e  in  tbe  third  system,  and  present  cleavages  tutalJy 
rent  from  those  observed  in  ordinary  calc-spar, 

Tlie  form  of  dimorphoiis  bodies  appears  to  be  reg^ated 
by  the  temperature  at  whieh  tlie  crysstak  are  obtained^  or  by  1 
natiu^  of  the  isokition  from  which  they  are  deposited.     Suli" 
when  crystallised  by  fuyion  and  subsequent  cooling,  affords  ci 
belonging  to  the  oblique  rhombic  system,  of  which  the  ongl 
the  base  P  on  M  is  85'^  55'  30",  zmd  that  of  M  on  M  90"'  32^ 
aame  substance,  when  obtained  by  the  spontaneous  evajioi 
of  ita  solution  in  sulphuret  of  carbon,  yields  crystals  bcloi 
to  the  right  rhorabie  system  under  an  angle  of  101^,  47* 
Substances  which  thus  crystallise  in  two  incompatible  forma 
eaid   to   be   dimorphous^   and  the  property   itself  \&  termed 
morphimn. 

When  a  dimoridions  body  is  by  means  of  abnormal  influe 
made  to  assume  that  cryst^illine  torm  which,  under  ordinjiry 
ciuiistances,  is  not  proper  to  the  substance,  the  crystals  thu» 
duced  often  exhibit  a  timdeiiey  to  molecular  change,   which 
destroys  tlieir  transparency,  and  ultimately  causes  them  to  ei 
into  powder.     This  peculiar  transformation  is  Tery  apparent 
crystals  of  sidphur  which  are  obtained  by  fusion.     AVlien 
produced  they  are  long  prisms  belonging  to  the  iiJ\h  system, 
bright  sti^aw  colour,  ptn'fectly  clear,  and   slightly   flexible, 
exposiu'e  to  ordinary  temperatures   they  soon  lose  their  trans- 
parency and  become  exti'eniely  brittle.     If  we  now  examine  the 
powder  by  the  aid  of  a  microscope,  we  shall  find  it  to  consist  of  ^ 
minute  prisms   belonging  to   the  right  rhombic  system,  so  thliti 
tho  crj^stals,  although  still  retaining  externally  their  original  form, 
are  in  reality  made  up   of  others  belonging  to  a  different  ayet^m* 
The  right   rhond>ic  prism  is  the  crystsilline  type  of  native  8ul» 
phur,  as  also  t]iat  of  the  crj'stala  of  this  substance  when  dbtained 
irom  its  sohitions  in  sul|>huret  of  carbon ;  and  it  would  therefor© 
appear  probable  that  the  natural  crystals  of  this  substance  are 
obtainea  rather  by  the  vaporisatitvn  of  some  volatde  matter  which 
held  the  sidphur  in  solution,  than  by  the  agency  of  heat  and  sub- 
Beg  uent  cooling. 
Asjet  we  are  not  acquainted  with  iuv¥  ftu\)«lia^c^V\\Bkt  v&  <;:»a|ft^jA 
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thin  three  dktmet  errstalliue  fonus,  although  it  ia 
'tatto^vttf  that,  uuder  varriu^  t^Lrcmnstanct^s,  four  or  more 
it  forms  ZB%ht  be  a^ttuiuea  by  the  same  hotly,  in  ^hieh  case 
piropeftj  would  be  (Lbtingimhed  by  the  imme  of  pofifmorphUm. 


IBOMO&PHISM. 

Dpoaiioii  of  a  body  caanot  b^  nccurately  determined  by 
iT  form  of  its  crystalH.  If  tho  s^ibstance  ciystalliaes  in 
»tem^  it  would  evidently  be  of  little  utility  to  day  that 
\iu  ^  .  d  in  oetahedrons  or  dodecahedrons,  as  all  the  octahe- 
and  dodecaht'drons  belonginff  to  this  type  are  evidently  in 
«"!{»♦  vt  preei**,'ly  ^imikr ;  and  thiB  description  would  there- 
be  e(|r..iliy  applicable  to  every  substance  crystallising  in  the 
This  difficulty  no  longer  exists  when  we  consider 
r  srstems,  as^  although  two  ditlerent  substances  majr 
in  the  same  system,  and  consequently  assume  a  veiy 
appearance,  yet  each  individual  will  possess  a  separate  pn- 
fOTm,  differing  from  that  of  all  other  bodies  in  the  value  of 
ftngko,  and  the  relation  of  its  axes.  Thus,  sulphate  of  bur\^ 
sulphate  of  strontia,  both  crvstjiUise  in  the  right  rhombic 
l^vtcm ;  the  former  under  an  angle  of  101°  42',  and  the  latter  of 
104°.  Although,  therefore,  these  two  substances  crystallise  in  the 
mae  system,  and  consequently  veiy  closely  resemble  each  other  in 
ice,  their  density  and  coluur  being  nearly  the  same,  yet  in 
.their  modifications  certain  relations  will  be  observed,  which  by 
ition  may  be  traced  to  the  primitive  forms  above  given,  and 
these  means  the  two  substances  might,  in  case  of  need,  b© 
lished  from  each  other,  although  accurate  roeasurementa, 
in  some  instances  tedious  calculation,  would  be  required,  in 
to  do  so  with  any  degree  of  certainty.  The  difficulty  of 
iminating  between  various  substances  by  the  mere  imrpection 
crystals,  is  much  increased  by  the  fact  that  bodies  hanng 
chejnical  relations  crystallise  in  forms,  which,  although  not 
»It  identical,  yet  approach  so  nearly  to  eat*h  other  iii  the 
01  their  angles,  as  not  to  be  distinguished  without  great  care, 
the  employment  of  good  instruments.  The  carbonates  of 
magnesia^  manganese,  iron,  and  zinc,  all  crystallise  in  rbom^ 
>ttfl.     The  value  of  their  respective  angles  is — 

Of  Carbonate  of  Lime      .....     105°    5' 


I 
I 


Magnesia  , 
^ianganese 
Iran       .     . 


107°  25' 
107°  20' 
107^ 
107°  W 
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From  the  aimilarity  of  the  angles  of  the  above  sub^tanoeft, 
evident  that  a  mere  inspection  of  the  crystals  will  not  be  suffii 
to  distmgui^h  tlicm  from  each  other ;  and  in  order  to  do  bo,  ei 
accurate  measurement  or  chemical  mvestigatiou  mu»t  be 
to.     It  is  also  further  observed,  that  substances  which 
this  close  Himilarily  of  crystalline  form,  and  of  which  the 
chemical  forDiula?  are  analogous,  have  the  property  of  rc] 
eacii  other  without  materially  afiecting  the  form  of  the 
crystals. 

In  this  way  the  foregoing  carbonates  are  frequently  found 
bined  in  the  same  crystal,  the  angles  of  which  will  in  thi« 
remarked  to  be  intermediate  in  value  between  those  of  the 
of  the  two  auhstaucea  which  it  contains,  and  to  approach 
nearly  to  the  measurement  of  those  of  the  carbonatea  which 
happen  to  be  present  in  tlie  hirgest  proportion.  If  a  mixtutdl 
made  of  t!ie  solutiuns  of  the  sulphates  of  iron  and  copper, 
crystalhsation  be  etfeoted  at  a  proper  temj>erature,  the  re«i 
crystals,  without  being  materially  alfected  in  fonn,  will  each 
a  portion  of  the  two  disitohed  salts.  When,  instead  of  mixing j 
salts  in  the  way  above  described,  we  place  a  crystal  of  feulpl 
copper  in  a  saturated  i^olution  of  aidphate  of  iron,  a  coating  of 
latter  palt  will  j^peedilybe  formed  on  the  fonner,  and  if  this  rrj'sul 
be  again  placed  in  a  solution  of  sulphate  of  copper,  a  coating  of 
that  salt  may  be  formed  on  the  layer  of  Hulphute  of  iron  befotO 
deposited.  J^ubst:mceH  which  thus  erystalliae  in  the  same  system* 
and  are  capable  of  replacing  each  other  in  everj'  proportion,  without 
in  any  great  degree  afiecting  the  form  of  the  resulting  crystal,  aw 
said  to  be  isomorphotUj  and  the  property  itself  is  called  mosum^ 

Although  substances  having  the  peculiarity  of  being  capabl 
replacing  each  otlier,  without  proaucing  a  change  of  cry( 
form,  are  found  to  possess  an  analogous  chemical  compouitio] 
does  not  follow  that  two  substances  ha^'ing  a  general  resembl 
in  this  particular  should  be  easily  made  to  combine.  If  m: 
solutions  of  the  sulphates*  of  iron  and  magnesia  are  allowed  to 
crystidlise  by  sijontaneous  evaporation,  the  two  salts  separatei  and 
distinct  and  pure  cryatals  of  each  will  be  obtained- 

These  salts  have  u  similar  chemical  relation,  and  it  would  ther^ 
fore  appear,  according  to  the  nde  above  mentioned,  that  they 
should  crystallise  together  in  all  proportions.  On  examining  tho 
two  salts  thus  obt-ained,  however,  they  are  not  found  to  contain  a 
proportiomd  quantity  of  water^  and  therefore,  although  in  each 
case  the  relation  between  the  acid  and  base  is  the  same,  yet  the 
chemical  composition  of  the  two  must  it  t   as  similiir^ 

Mad  the/  thc^fore  cannot  be  made  to  cv^  v\\ex» 
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^B  BOTDetltnes  Imppens  that  hy  tbe  agepcj  of  certain  ibraei, 
^■lilft  Ufidergo  a  change  of  composition  without  their  form  being 
Ifte  least  degree  affected.  In  this  way  we  find  tipmel  change 
Bto  steatite,  and  iron  pyrites  into  red  or  brown  iron  ore.  We 
frequently  observe  that  cavitica  one©  occupied  by  cryvtals  of 
become  filled  with  peroxide  of  tin,  or  that  cryvtala  of 
have  been,  as  it  were,  moulded  in  the  airttie«  once  ooeinnad 
flnoride  of  calcium.  It  ia  extremely  difficult  to  imdennHid 
iov  some  of  these  changes  take  plaee,  but  the  aame  catiaei  do  noi 
ippear  always  to  pnxluce  the  effect.  Specimena  of  galena  hate 
been  found,  in  which  one-half  the  crystaJ  in  composed  of  fulpliate 
>f  lead,  whilst  the  other  still  remains  in  the  state  of  Hulpburet. 
in  this  case  the  oxidation  of  the  Bulphuret  in  endentfy  the  canae 
rf  the  difl'erence  of  compoeition,  and  therefore  the  chance  eMmoi 
ibcd  to  the  destruction  of  the  original  crTotal  ana  tlie  for- 
m  of  anotlier  body  in  the  mould  left.  Thi«,  howerer,  would 
to  be  the  more  frequent  method  employed  by  nature  in  the 
ion  of  the!>e  bodies,  although  it  is  difficult  to  understaa&d 
cotdd  have  been  the  nature  of  the  foroea  by  means  of  whicb 
aubstanceg  composing  the  originid  ciystal  hare  heoQBM 
•cmoved.  The  pHeudomorphous  crystals  of  quartz  and  oxide  of 
■in  mre,  however,  endently  casta  moulded  in  the  carities  left  by  the 
B|ruction  of  other  and  differently  formed  bodiea,  by  some  acmt 
Hui  appears  in  no  degree  to  have  affected  the  rock  in  which 
iher  were  imbedded,  as  the  angles  of  the  pseud omorpbous  forma 
ire  freouently  as  sharp  as  those  of  the  ong^inal  crystals.  Other 
>od!ed  be»ide»  crystals  are  aometimes  replaced  in  the  method 
}bove  dcHcribed*  and  in  this  way  it  is  no  uncommon  occurremse  to 
shells,  such  as  figs.  53,  54,  55,  5G,  and  57,  replaced  by  iron 
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ticulru*  sj'ttem  it  may  belong,  but  also,  from  an  acciirttte  maosim- 
ment  of  it«  different  angles,  to  deterinme  its  priinitiveor  distinctive 
form. 

The  system  to  wbich  a  crjstal  belongs  may  in  most  instances 
be  nHL'ortainod  by  a  mero  exaniination  of  tbe  nature  of  lU 
modifications,  although  even  this  t*annot  in  all  ca8t*9  be  rlFivted 
without  the  aid  of  an  instrument,  K,  however,  we  require  to 
know  the  characteristic  form  of  the  crystal,  that  is,  the  vjUue  and 
relationa  of  its  various  dimensiuns.  it  bt^uomeB  absolutely  neceHHary 
that  its  different  angles  should  he  accurately  measured*  and  in 
many  instances  trigonometrieal  calciilationa  must  be  employed 
for  the  piiTjjose  of  deducing  from  those  relations  which  admit 
of  direct  measurement^  such  as  cannot  at  once  bo  thua  detifflw 
mined. 

The  most  essential  operation,  in  order  to  ascertain  the  natnro  of 
a  crystal,  consists  in  measuring  the  inclinations  of  its  Tarious  fao»9« 
on  each  other,  and  for  this  puqxjse  instruments  called  gr>ninmctrr« 
are  employed.  These  are  of  two  kinds,  as  the  angles  may  he 
either  directly  and  mechanically  me^isured  as  by  the  applied 
goniometer,  or  as  in  the  case  of  the  rettecting  instrument.  tb( 
supplementary  angles  are  those  alone  obtained  by  immciUate 
observntion. 

The  applied  goniometer,  fig.  5S,  is  composed  of  a  divided  serai" 
circle,  t^  which  are  applied  two  metallic  limbs,  of  whieh  one,  a.  A, 

is  fixed  at  o  on  thi'  diW&i\in«, 
whilst  the  other,  d.  /,  witicfa 
is  movejible,  indieates  on  the 
half  circle  the  mea«urt*meiit 
of  the  angle.  In  order  to 
take  the  measuix^  of  an  angle 
by  means  of  this  instrument, 
one  of  its  faces  should  bo 
applied  on  tlio  fixed  limb 
fl,  i,  in  such  a  war  that  the 
edge  of  the  angle  V>e  ciaetly 
pcrponriiruhir  to  the  plane  of  the  graduated  semicircle.  The 
movcoble  iiiub  is  now  to  be  turned  untd  it  comes  in  oontfvt  with 
the  second  face  of  the  crystal,  forming  the  required 
it  is  evident  that  the  number  of  degrees  rmnpnj<f-d  I 
trwo  limbs  will  be  the  measure  of  the  an  L  'd. 

Tlie  two  limbs,  a  b,  d  f,  have  the  po^ 
•  ^»  9  '*T  '  «^t  in  such  a  way  as  to  admit  of  lengthen  i 
jaws  of  the  instrujnent  c  a,  p  </,  so  aM  to  juI 
icnitiona  of  the  crystal  to  be  measuwd.     Wii 

\Ynnvf    ihi>i    ir-iiji'nfiicit^r     would     be     OOWV^^""^^ 


lien 
ihe 
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5  «ieeur  Ui  which,  eitb*^  from  the  aixt*  or  sitim- 
lo  be  measured,  but  very  short  jawa  could  aloue 

is.  however,  never  used  whim  very  accurato 
«s»  in  the  first  instance,  it  18  extremely  difficult 
contact  between  the  limbs  of  the  instrument, 
of  tlie  CTTBtal ;  and  in  the  second,  it  cannot  be  applied 
^  not  possess  a  considerable  degree  of  hardness,  and 
Ir  seldom  applicable  for  the  meoj^uremout  of  thosa 
ll  ttv  Ttidfiallj  produced  in  our  laboratories. 
b  FsflcctiDg  goniometer  ia  caittible  of  aflbrding  very  accurate 
kit  l>«t  em  cJdI^  be  employed  for  the  measurement  of  crystals* 
m  ecTtun  degree  of  polish.     A  great  mauy  diJfereut 
Its  of  this  kind  have  from  time  to  time  been  recoiumeudpil 
but  they  are  all  founded  on  the  imme  principles 
invented  by  Dr.  Wulkiiton,  and  wliich  Lii  that 
ly  employed. 


oUa£toti*8  goniometer,  fig.  59,  consists  of  a  vertical  brass  cirdo 
graduiited  on  its  edge,  and  mounted  on  a  horizontal  support, 
r.  This  circle  admits  of  being  turned  by  means  oi  the 
il-be^ed  nut  v.  The  vernier  u  u?,  iinmoveably  fixed  to 
M  p  (J,  by  a  brass  arm,  senTs  to  mearture  the  number  of 
0B  through  which  the  edge  of  the  cirda  bus  beeu  ms4<Q 
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The  axis  which  supports  this  part  of  the  instrumeat  in  hullow, 
id  contains  another  nioveablo  rod,  «  c,  turned  by  the  nut  *.     At 
the  extremity  c,  of  this  interior  axis  a  c,  ia  attached  a  univepaal 
>int  c  ff  i^  h,  on  which  the  crystal   Z  is  supported.     This  joint 
)iisiatd  of  a  seinieircLdar  piece  of  brasa  <r  y  e,  articulated  at  ff,  and 
laving  at  its  extremity  it,  a  holloa*  cylinder  e  /,  split  so  ii*  t 
as  a  spring  on  the  rod  A  if,  which  is  turned  by  meane  of  t\u 
h.     The  rod  b  d\%  itsell*  split  at  </,  where  a  thin  plate  of  br 
insertetl,  on  which  the  crjstal  is  to  be  secured  by  a  little  ftolf 
wax.     The  crj'stal  being  thus*  placed  on  the  moveable  interior 
n  c,  may  be  turned  by  means  of  the  nut  *,  witliout  mo^-ing  at  tl 
same  time  the  p^raduated  eirclo  of  the  insti'ument,  or,  if  the  nut 
V  be  employed,  both  the  circle  and  cn'stal  an;  made  to  retolve 
together*     The  various  motions  of  wfiich  the  aupporl  c  g  t  b  d^ 
admits,  make  it  easy  to  regulate  the  distance  betwt*eu  the  cry\ 
and  the  face  of  the  graduated  circle,  fHA  also  to  change  itti  inel 
tiou  with  respect  to  the  plane  of  the  instrument.     This  fiicility 
adjustment  of  the  support  ia  absolut/cly  neeosaary*  as,  in  order 

I  measure  the  dihedral  angle  of  a  cr}'8tal,  it»  edge  must  be  broi 
(exactly  paraUel  to  the  axis  on  which  the  gra<luated  circle  xn^  CMfde 
lo  revolve  :  without  which  precaution  the  angle  obtained  would  not 
be  that  of  the  crystal  examined. 

AVhen  the  iustrument  ia  to  be  used,  it  should  be  placed  on  a 
table  before  some  building  which  presents  several  borixontal  lines 
rell  defined  on  its  exterior,  and  which  serve  as  sights  in  the  o\ 
ition  of  measuring  a  crystal. 

The  edge  of  the  roof  is  usuaUy  chosen  for  the  upper 
one  of  the  liorizoutal  bars  of  a  window  most  convenient  i^ 
the  puq)08e  for  the  lower  one. 

To  n\eii8ure  the  angles  of  a  crystal  we  should  beqin  br  netting 
khi*  graduated  ]dat«  of  the  iiifitrunient  perfectly  v*  ich  t» 

effected  by  means  of  a  spirit  level  fixed  m  the  ]jori/<  '.  ;md 

le  Hcrewfl  x  x  x.     It  is  also  neces^sarv  that  the  graduated   • 
lu)uld  bo  perpendicular  to  the  front  ot  the  houae»  and  consei 
the  lines  which  aen-e  as  sights  in  the  observation  whit 
)llow.     The  cryst^ol  should  now  be  fastened  on  its  support 
ittle  wax,  softened  by  the  addition  of  turpentine,  and  the 
T"    "ircd  angle  brought   precisely  rmniUcl  to  ^^    •■-• 
circN*.     In  order  to  do  this  tho  eye  is  pl.i 
rir  t  rv>r:it,  and  in  such  a  position  that  the  lower  sii^ni    mi 
tnm  in  the  direction  of  its  edge.     Hie  inU^rior  axis,  a  r.  is  thrgi; 

turned  in  such  a  way  that  the  e\' 
iX'^ition,   miiv  be  enubled  to  ttee  the 


t-ho  iiU' 
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Hbt  sigbt  Be«ii  direci 
ISkt  or^atal  uiuit  be  I'eAdjusted  by  meiiii»  of  the  joiuts  attached  to 
1^  MuiiniiH.  iiwiil  one  of  its  faces  is  fomid  to  bo  perpendicular  to 
lib?  I  bo  i^radiuted  circle.     If  tbe  second  face  satisiies  tbe 

Htut.  - v,un8»  it  is  a  proof  tbat  the  edge  of  the  crystal  is  itself 

pmctidicular  to  the  plane  of  tbe  iDstrument. 

ft  *-■  -'i-Titly  happens  that  a  number  of  trials  have  to  be  made 
bcl'  mplete  paralleHsm  of  the  edge  can  be  thua  established  ; 

^  -  I  IP  practice  t»oon  enables  this  to  be  done  with  considerable 

til  being  in  this  way  properly  placed,  we  may  proceed 
lie  angle.     For  this  purpose  ISO"^  on  the  wheel  should, 
by  t  :  lie  nut  r,  be  made  to  coincide  witli  o  on  the  vernier* 

I'll!  ia  now  brought  id  such  a  position  that  the  image 

of   '  r   sight  reflected  on  one  of  its  faces  may  coincide 

«itl  ne  utted  a*  the  second  si^ht,  seen  directly.     This  is 

igSexU^  bv  turning  the  nut  *,  which  moves  the  cr}'stiU  without 
aflSactiug  tlie  position  of  the  divided  circle  LL'.  We  now  turn,  by 
mmxia  o(  the  nut  r,  the  plate  LL',  and  with  it  the  ijiterior  axis 
A  r,  together  with  the  crj'stal,  until  the  eye,  which  shoidd  remain 
OQimtitJutlr  in  the  same  position,  perceives  the  higher  Might  retlected 
in  the  tteeond  face  of  and  in  coincidence  with,  the  lower  line 
ch/>«en  aa  a  sight,  at  the  begiiuiing  of  the  experiment.  The  angle 
iitrougb  which  the  circle  has  moved,  and  which  is  the  siipplement 
of  the  angle  of  tbe  crystal,  is  now  read  off  by  means  of  the  fixed 
funuer. 
In  ordfT  the  better  to  understand  thiB,  let  us  suppose  that 
r,  fi^*  <J0,  is  the  position  of  a  dihedrai  aughs  when  the  eye  of 


ecnrpr.  o,  perceives 
r  the  upper 
*ig]  rted  on  the 

hcc  u  fj  ul   I  ^d, 

■mi  in  culnci  he 

mastm  time  with  Ute  l<.mcr 
Kj^it  "M,  ^f'fu  'lircr-tly. 
It  .  before 

sve  the 
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must  have  aswumed  the  position  a  h'  c\  to  effect 

r  mujit  be  made  Ui  describe  the  arc  tn  n  p,  M'hich 

cmont  of  the  angle  sought,  and  by  5<ubtrataing 

•  T**t!e  value  of  the  measurement  is  obtained. 

tut^tot  atYonU  monm  of  measuring  tWalT^c\<^» 

,  fjt^.^eiit  good  rt'Qcvting  fsurfaceB)^  to  mlViiii  « 
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few  minutes  of  error ;  but  when  this  is  not  the  case,  it  is  some* 
times  found  neceasary  to  applj  a  pieee  of  mica  to  lU  faces,  in 
order  to  render  them  eapiible  of  reflecting  the  light  with  suHicieiit 
distinctness  to  allow  the  angles  to  he  taken. 

In  these  ciuHCs  the  tliiu  scah^a  of  mit^a  may  be  kept  in  tbe^ 
plm/es,  either  by  a  Ultle  frinn  dii<fiolvcd  in  water,  or  in  some  in* 
stances  hy  wiiter  only.  When  this  meaua  is  employed,  the  reaulti 
can  only  l>e  regarded  as  being  mere  approximations  to  the  truth, 
and  when  the  natiii*e  of  the  crystal  ^ill  admit,  the  direct  g(>mc>- 
meter  should  be  resorted  tii, 

METHODS  OF  OBTiJ^rTilG  ARTITTCIAX  CETSTAL8* 

The  cn^fttalliftation  of  bodies  is  effected  either  by  fusion  and  afteN 
wards  idloiffldng  them  to  cool,  or  by  their  s^oJution  and  the  s^ubse- 
quent  cooUng  or  evaporation  of  the  litiuids  in  which  the  i^ubgtancea 
are  disaolved. 

The  metals  are  frequently  obtained  in  the  crvstallised  stute  by 
fuBion.  If  a  few  pounds*  of  bismuth  be  mefted  in  a  cruciblcp 
and  then  allowed  to  cool  until  a  pellicle  of  aoUd  metal  heg^ins  ta 
form  on  the  surface,  crystals  may  be  obtained  by  piercing  this 
cruat  and  allowing  the  stLU  liquid  portion  in  the  centre  to  flow 
out.  On  breaking  the  shell  which  renvains  after  thia  operation,  it 
will  be  found  to  be  lined  with  beautiful  crystals  <»f  bismuth  bo- 
longing  t-o  the  cubic  system.  Lead,  when  heated  in  large  maaaes^ 
and  slowly  cooled,  iiiso  deposits  cry  stain,  and  on  this  cireumytance 
la  founded  one  of  the  moat  recent  improvementu  in  the  refining  of 
tliat  metal. 

Many  volatile  salts  and  other  bodies  may  be  obtained  in  a 
crvBtaJline  btute  by  sublimation.  In  this  way  ealoniel^  comwiyo 
Bublimate.  caniplior,  lodiue,  benzoic  a<:id»  naphthaline,  and  a  vast 
variety  o(  other  substunces^  are  crvstallisiHl  and  purified  at  tho 
same  time  from  the  non-volatile  sulstancea  with  which  they  may 
be  contaminated* 

Tho  metallic  salts  are  generally  mar©  soluble  in  hot  than  in  colli 
water,  and  they  arc  usually  crystallised  by  allowing  a  •olutioii« 
eaturatcd  at  a  high  tianperature,  to  cck)1  down  slowly  t-^  »  l."i.>*- 
when  a  portiou  of  the  salt  corresponding  to  the  didi  r 

^Kitures  mU  bo  obtained  in  :i  •• 


[ty  at  tue  two  tciii| 

In  order  to  obtain  fine  crystals,  it  is  neces.^ 
'cooling  should  take  placu  as  gradually  as  po>  ^^ 
mpidly  flft'cteil  iht*  molecules  of  the  substati 
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Wli-'n  nartieularlv  fiue  crystals  of  a  substance  are  required, 
t.  nera  are  ui  the  habit  of  retardiiij^  the  cooling  of  the 

V  artificial  means,  such  a^  surrounding  the  cryatallideM 
last  or  aoiiic  other  nou-conductirig  Hubstance;  in  thin 
wj>.   a^iu  '  ■    "I- -iti^j  the  crvstala  ubtained  from  one  vessel   in 
anotlicr  v<  a  fresh  solution  of  the  eidt,  very  large  speci- 

tncDM  may  i><-  nuumied. 

It  fre<4ucntly  hapi>en8  thut  a  neutral  ^lution  cannot  be  made 

'me  matals,  and  a  alight  exceaa  of  the  acid  which  it 

»ay  in  most  iiistancea  be  advantageously  added.     ThI:* 

t  II  Mtrou^  acid  is  sometimes  found  to  aasiat  the  cryatal- 

other   gubatauces  besideij  salts.     Thus,  m  the  miinu- 

■  iric  ilbid,  it  is  impossible  to  obtain  t;ot>d  crystals  of 

without  thf  addition  of  a  small  quantity  of  sulplmrti' 

vidurioui*  Bolutiona.     Liglit  idsio  appeard  to  posseas  cou- 

iilluence  on  the  phenomena  of  crystallisation,  as  crystals 

j\  when  foimd  on  a  glass  vessel,  are  invariably  observed 

bed  to  the  side  exposed  to  the  light ;  and  the  same  fact 

j-  itlv  rt'Uiarked  in  the  laboratory  with   rt^gard   to   other 

5^~ .  — -..   ::  contained  in  the  bottles  on  the  shelves,    if  the  solution 

of  a  j»alt  be  allowed  to  crystallise  in  a  room  lij;htcd  by  a  single 

gp^i^t"^    *l''  ines  of  the  crystals  will  all  be  turned  in  that  direc- 

twUt  me  wav  that  plimta,  when  similarly  situated,  are 

fc!ua>  r'  UK  nil'  d  towards  the  light. 

*>Trttal«  are  also  found  to  form  better  on  rough  than  on  smooth 
ftirfsc^»,  luid  for  tbis  reason  a  nucleus  is  often  placed  in  the  liquor 
io  order  to  form  a  kind  of  foundation  for  the  crystals.  In  tbis 
*  '    '  indy  crystallised  on  striugs,  bltartrate  of  potaah 

rate  of  copper  on  wirca  of  the  same  metal. 
i  1  ;n    "ssumeu   by  crystals  of  a  given  eii-bstance 

I       •'     '  II     isiii'e  to  depend  on  the  circumstimces  undt*r 
Kluced,     Alum  purified   by  separate   crystal- 
in  octahedrons ;  but  if  a  small  portion  of  an 
r  tttdt,  be  added  to  the  solution,  modilied  crystals 
i-  are  produced, 
-ric  acid  the  four  solid  angles  of  the  octahedron  are  each 
f  y  a  face.     Hydrochloric  auid  gives  rise  to  the  faces  of  tht? 

[J  or  twentj'-sided  figure.     Boracic  acid  determines  the 
:.i  ;...*:;.  I.  of  cubic  crystals.     A  few  drops  of  the  solution  of  car- 
boaatif  uf  potash,  or  carbonate  of  ammonia,  pmduce  tfie  sam*? 
«^  ,i.       I  ...i,,i;,.r,  ,jf  alum  saturated  at  212"^  yields,  on  cooling, 
;  but  if  the  solutifjn  bu  made  in  covered  ves&els 
jp'  uUure,  rhombohcckal  dodecahedrons  and  trapexo- 
■  nrodueed.     From   thvHt^  observatioaii,  made  \>^' 
i.jutdi.,  uu  dt'  crjet^mtion  of  thin  «alt,  it  is  probttUc  iWt 
o 
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the  various  forms  assumed  by  crystals  of  the  same  BobitiDfi5( 
pend  not  only  on  the  nature  of  the  mixtures  from  ^hich  they 
deposited,  but  also  on  the  temperatures  at  which  thev  aolnta 
were  effected,  and  a£Ebrds  another  reason  for  believing  that 
form  of  a  cr}'&tal  is  governed  by  the  nature  of  influenoea  ~ 
previous   to   the  ^o^nee  of  the  first  portions  of  the 
produced. 
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SoMi:  of  the  less  oxidisable  tnetak  ure  oceamtfatMf  fond  in 
imlleable  or  native  state,  although  ibe 
ire  oommonly  associated  witK  one  or  move  of  tlw 
elementa,  such  aa  orv'gen^  eiilphur,  or  anme,     Bf  fa  tlftt  ^ 
portion  of  the  metals  are,  howt'Tcr,  met  witli  in  crrtMu^tkm 
cut  or  other  of  the  three  elemeuto  thcfft  larnlioiiod,  mid  am 
md  to   be  mineralised.      The  retnlthig 

aXu,  and  when  these  cau  be  rapl^cd  in  Hw  nrto  for 
7^  of  fiinmhiiig  the  metab  wKscfa  tlwT'  eontain»  Ik 
kiMJwrn  by  the  name  of  oret.    Thus  a  eoppcr  fire,  #jr  Ui 
mertn^  nitV  nntimd  combination  of  thaM  metali  witli  tAher 

rtton  that  the  reimltiiig  eoapoand  adnuta  i#l 
u'  ^         y  treated  for  the  metal  it  oooftaina,     Maaf  of 

metaiiie  ores,  intttead  of  being  twiipwunb  of  two  or 
Muf'btuiui  d.  consist  of  natural  nielauifennia  iilUi,  ml 
«  -.  silicates.  milpliAtc*,  and  pho(rphat««,  are 

L I  ..;. J :iion  examples.    Among  the  metala 
m  nature  in  a  free  «tat6,  are  |^Md,  plariftiini, 

Sladiunj,  eiker,  copper,  mevciaj,  anttmonj,  and 
owing  metaU  are  abnovt  invariably  fbnod  io 
otiier    subKtnnces — mangaatfur,  irrm,  oolmh,    nidiM4f 
tnngsient  iDoIrbdenum,  TaiiadiaxD,  uae^  ca^imianv  lead,  tin, 
aium,  and  uninium. 

ntwtcMirr. — Althonjgh  minen]  tubataneei  art  oeeaatonalty  mol 
with  in  llie  form  of  cryitala,  th«j  oeeur  witb  maeh  graater 
ftequetKn-  tu  the  state  of  maoMa  poMOMing  litUo  or  no  ttnoo  of 
ciTitalline  arrangemonfe^ 

'Theae  maanTe  imnenli  oonaifft  dtber  of  grnoa  more  or  Um 
vbinie,  of  teavM  or  kmios^  or  of  tmafl  ooltumia  rrr  fibrr*.    In 
int  eaao  the  atmctoro  ii  Mid  to  bo  grawnUr,  m  tha 
km^hr^  and  in  the  third/Z/foa*  or  ecittimnar, 

Wken  tbo  itructiirv  of  a  gnmnlar  minernl  tu  rough,  it  if 
to  bo  eocraniy  grmmdar^  a*  in  Bome  Tarieiien  of  niArbie. 

Wben  tlio  paina  are  fine,  it  Ujlnely  t/ranvtar,  a^  in  ipsoi 
qoartA:  and  if  Ibe  grenu  am  m  eiir«yi  aa  tw^  V>  \i« 
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detected,  the  structure  is  Boid  to  be  impalpable^  as  in  the 

chalcedony* 

W^hen  ^-anular  imnerala  admit  of  being  crumbled  betw 
fingers,  they  are  eaid  to  he  friable. 

Laiuellur  minerals  may  exiat  either  in  thick  or  in  thui  I 
and  these  may  also  posscsa  the  property  of  being  more  or 
easily  separated  lV«nn  each  other.     When  the  lamina*  are  thin» 
easily  separated  from  each  other,  they  are  c^}^G<\  folinceuus 
on  tfie  contnirj\  they  are  thiek,  the  term  tabular  is  often  ap; 
to  them. 

The  kmina?  of  which  minerala  are  composed  may  be  eti 
in  mica ;  fiexihle^  as  m.  talc  or  graphite  ;  brittle^  as  in  the 
diallago. 

Minerals  possessing  a  columnar  structure  are  called /f^rov* 
the  coluuina  are  verj^  minute  and  lie  in  the  same  direction, 
gypsum  and  asbestos. 

Wlien  tbe  fibres  cross  each  other  so  as  to  form  a  kind  of; 
w^irk,  the  wtrueture  is  termed  retkulated. 

When  the  laiiilmv  radiate  trom  a  common  centre,  the  st 
is  known  as  radiated  or  divergent. 

The  forms  of  mineral  aubstancea  are  also  frequently  expi 
by  names  derived  from  bodies  to  which  they  are  supposed  to 
a  certain  resemblmice.     Thus  reni/orm  substances  iire  those 
aessing  the  shajve  of  a  kidney.     "When  the  uorfaee  of  a 
made  up  of  groupn  of  rounded  prominence**,  it  ia  called  bntrtj\ 
or  if  the  protnberauce:*  be  of  larger  dimeiit^itmsj  the  term  mnmmi 
is  aijplied  to  it.      Filiform  means  like  a  thread;  and  a  pi 
neeale-formed  ytnieture,  is  called  acicular. 

It  sometimes  happeua  that  minerals  occur  in  the  form  of 
masses  resembling  icicles,  which  in  many  ins^timces  have  a 
running  through  their  centre,  Ciirbonate  uf  lime  ofiei*8  the  m 
numerous  examples  of  this  kind  of  formation,  which  is  commonly 
occasioned  by  the  dropping  of  water  from  the  roof  of  a  cavern.  Ia 
this  case,  the  water  surcharged  with  carbonic  acid  holdb  the  CJtf*; 
bouate  of  lime  in  solution;  and  when  that  escapes,  the  mineral  it 
deposited  in  the  solid  form.  The  cones  thus  depending  from 
the  roof  have  received  the  name  of  stalactites,  and  are  in  mod 
instances  placed  immediately  over  similar  formations  on  the  floor, 
called  atahifmites,  by  the  union  of  which  with  the  stalactite! 
above,  complete  pillars,  from  the  floor  to  the  roofj  are  occasionallji 
prodnced*  Chalcedony  and  brown  iron  ore  also  occur  in  the  forn 
of  stalactites. 

Substances  having  no  regidar  form  or  structure,  either  ci 
line  ur  imitative,  ore  said  to  be  amorphous. 


4e€1IEeXTI0K.      FBACTUBE.      HABI 


•uic  •f  4cvreir«tli»ft. — MinetaU  may  be  either  hritile^  wctife, 

fh>\'  elastic, 

Wl  ui\^  to  cut  a  minenU,  portions  of  it  are  found 

I  break  uil,  it  i»  Lnttlf, 

A  stcttfe  oaineral  is  one  fi*om  which  thin  pieces  may  be  cut  with 
a  knife^  but  which  is  reduced  to  powder  imder  the  blow  of  a 
nimmei'. 

A  aiih^tattjce  is  said  to  be  malleabfe  when  thin  [)ieco8  of  it  may 
fce  etu  nfl;  and  the  portions  thus  separated  admit  c«f  being  flattened 
br  ivamtneriDg. 

AV^u-ii  1  tnuural  admits  of  being  bent,  and  is  not  possessed  of 
ity  to  cause  it  to  retjiune  its  original  forni  when  the 
L.  -.  ...  -  ..j.^  it  is  withdrawn,  it  i^  said  to  h^  flexible.  Talc  may 
be  cited  n»  a  good  example  of  this  property, 

III  after  beiuE^  bent,  it  has  the  power  of  resuming  its  originai 
podtion,  as  in  the  ca^e  of  mica,  the  body  is  said  to  be  elastic. 

Pmrture* — Mmcrahi  are  possessed  of  four  different  kinds  of 
frjK'ture ;  tlieae  are  severaily  termed  conchoidat^  hackhj^  even,  and 

When  a  substance  breaks  with  a  convex  and  concave  surface,  as 
in  the  case  of  flint,  its  fracture  is  conchoidal. 
When  the  ele^utions  are  sharp  and  uneven,  as  in  broken  iron,  it 

11^  surface  is  nearly  flat,  its  structure  is  said  to  be  even. 
rure  of  a  substaune  is  said  to  be  uneven  when  its  surfkcw 
to  various  elevations  and  depressions. 
>».^ — The  hardness  of  miuenilH  is  sometimes  employed  for 
,      e  uf  distinguisliing  them  from  each  other :  by  this  means 
iid  never  fail  to  recognise  the  diamond,  which  has  the  pnwer 
tching  all  other  bodies.     The  ruby  and  sapphire  also  seruteh 
•stances,  with  the  exception  of  the  diamond.      This  test, 
'  '•    nffbrds  an  easy  means  of  discriminating  between  real 
j1  gems,  as  the  extreme  hardness  of  the  one,  compared 
»iui  Miiii  ^)\'  the  other  class,  at  once  reveals  their  diflt^n^nt  origin. 
For  the  same  reason,  it  woidd  be  impussible  to  confound  erystal- 
lieed  carbonate  of  lime  with  gypsum,  as  the  former  is  possessed  of 
ani«derable  hardness,  whilst  the  latter  is  easily  marked  by  tho 
juuL     These  distinctions  can,  however,  only  be  employed  in  cases 
vbere  considerable  differences  exist ;  for  as  yet  them  is  no  method 
Imawn  of  discriuiinating  by  this  means  between  minerals  of  which 
die  hardness  ia  nearly  equal.     For  the  puq^ose  of  better  elJeeting 
Uiese  distinctions,  substances  of  diHerent  dugiTcs  of  hnrdnesa  have 
Ijwn  selected  to  serve  as  tvpes  o£  comparinon.     They  are, — 1.  TwV:  \ 
,'^*uui;  3.   Crystallised  carhomite  of  lime  ;    4,   I'luorid^   <^i 
..-  ^.  Fhospbatc  ofmagnt^^m:    G   Foldspar;  7,  QuaTlx\  ^. 
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Topaz ;  9.  Conmdnitii ;    10,  Diamond.    In  order  to  im 
hardnesa  of  any  body  by  means  of  tbe  above  table,  it  is  u»i 
give  the  two  numbers  between  which  the  intermediate  bodyU 
with  regard  to  this  pl^^perty ;  no  that  the  hardnesi  of  the  c 
would  bo  expressed  by  7^-8,  which  means  that  it  is  Imrdcr 
quart?^,  and  less  reaiatant  than  the  topiiz- 

•rttmr.— Some  minerals  have  the  property  of  giving  off» 
certain  circumstances,  furaes  poaseased  of  an  odour  vhich 
employed  as  a  means  of  detecting  the  substances  which 
eontaiB, 

If  an  ore  of  arsenic  be  rubbed  until  it  beeomes  alightlr 
distinct  jimell  of  garlic  will  be  observed,  which,  on  heating  the 
stance  before  the  flame  of  the  blowpipe,  becomes  still  more 
rent.     This  odotir,  whieh  is  characteristic  of  the  compo 
arsenic,  is  termed  aHiactams* 

When  iiclenium  or  a  eeleniuret  is  Btrongly  heated,  a 
smell  of  decayed  horse-radish  is  perceived.     This  smell,  wh 
pecidiar  to  burning  selenium,  is  known  as  the  horse-radUh 

The  odour  proceeding  from  burning  sulphur,  or  the  roasting 
a  sid|i!iiu'etj  readily  reveals  the  presence  ot  tlrnt  substance,  and 
tenued  milphnreous. 

Wlieii  certain  varieties  of  quartz  and  lime-stone  are  strongl 
rubbed,  they  give  off  the  odour  of  rotten  eggs.  This  peculiar  mut 
is  occasioned  b>'  the  evolution  of  sulphuretted  hydrogen ;  and  sub 
stances  which  poiisess  this  property  are  termed /tf/(W. 

Clays  and  other  8ubstaiicea  containing  large  quantities  of  alumini 
afford  a  peculiar  odour  when  breathed  upon ;  whilst  aTfew,  such  i 
pyrargillite,  present  the  same  phenomena  when  heatetL  TW 
odour  is  termed  argiUaceouM^  and  may  firequently  bo  obsen-ed  in  tb< 
open  air  just  as  the  groimd  begins  to  get  moistened  by  a  Hhower. 

'nurtc. — The  taste  of  a  mineral  may  sometimes  bo  emploviNl  as  i 
means  of  its  detennination,  although  it  seldom  happens  tliat  thii 
alone  can  be  considered  conclusive  evidence  of  its  composition. 

When  a  substance  tastes  like  ink,  it  is  said  to  be  astringent. 

If  a  body,  as  in  the  case  of  common  alum,  possesses  at  the  soml 
time  a  sweet  taste,  it  is  described  as  having  a  sweetish  mtringtn^ 
flavour. 

The  tasto  of  common  salt  is  usually  called  saline. 

Tastes  similar  to  that  of  soda  are  termed  filkaline. 

Tastes  like  that  of  saltpetre  are  deacnbed  as  coolintj. 

The  acids  are  sour,  and  certain  salts^  such  as  the  sulphate  of  int|p 
nesia,  extremely  bitter. 

Density  or  Speelflc  caraTity. — By  the  specific  jrorrtv  of  a  Sttb 
stance  is  understood  its  weight  as  com^at<?^^  ui  i.^^ua 

bulk  of  some  ot)»or  Ixxlv  taken  fia  H  slAlki^  v\.vju. 


HTDBOSTATIC  BALA9CE.  S7 

I  of  flob'dfl  aaA  liquids,  dUtiUed  water^  at  the  teni^l^ture  of 
1^  IB  taken  as  this  point  of  coni[)ari8ou ;  but  the  deusitieu 
are  usually  estimatc^d  in  relation  to  common  air  taken 


ier  to  determine  the  specific  gravity  of  a  «olid  body,  it  10  ne- 
to  ascertain  its  weight  when  weighed  in  air,  and  also  to  learn 
Dh  it  loflw  in  weight  by  immeraon  in  water.  If  we  call  its 
n  air  W,  and  its  weight  when  euapended  in  water  w?,  it  ia 
that  W — w  will  represent  the  weight  of  an  equal  bulk  of 
pd,  aa  whenever  a  solid  is  placed  in  a  liquid  which  covers 
It  nocBBaarily  di«place  precisely  ita  own  biilk  of  the  medium 
\  it  is  aituated.  The  specific  gravity  of  a  body  bein^  its 
a  comparison  with  some  other  substance  taken  08  d  &tauaard> 
isily  b«  obtained  from  the  above  data,  and  ia  nothing  more 
I  relation  existing  between  W  and  W — tn,  which  wOl  con* 

W 

y  b€  represented  bv       ■   — 
W — IP. 

atle  Baiftnee.^Tho   most  eommon  method  of  taking 

Ees  is  by  means  of  an  ordinary  balance  (Hg.  61),  of 
i  are  suspended  by  strings  ol  unequal  leugth.     In 
n  a 
by    this 
mt',      the 
se    to    be 
on  should 
bed,  by  a 
filament 
to    the 
mif  which 
ik  adapted 
uder  side 
purpose, 
should 
added  in 

r  pan,  until  the  equilibrium  is  restored ;  and  when  this 
ice,  the  weight  W  will  be  noted  as  that  of  the  subatance 
To  obtain  the  corresponding  weight  of  iin  equal  bulk  of 
t  the  temperature  of  GO"  Faht.,  a  vessel  of  that  liquid 
ilaced  under  the  shorter  pan  in  aoch  a  way  that  the  eus- 
fr^ment,  of  wliieh  we  desire  to  know  the  density,  may  be 
ply  immersed  in  it,  and  weights  are  to  be  removed  firom  the 
p,  until  the  equilibrium  be  a^ain  restored* 
second  weight,  t^,  deducted  from  W, — ^that  obtamed.  ^i'J 
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weighing  t!ie  aubstance  in  air, — givea  the  weight,  W — t 

W 

equal  volume  of  wat-er,  and  the  required  density is 

ibund  by  dividing  the  weight  in  air  by  the  difference.  Iq 
to  conduct  theup  operationa  with  great  accuracy,  it  i«  ne 
employ  a  very  delicate  babince,  and  to  remove  any  bubbles 
whu'h  may  attach  thcmselvea  to  the  Bubstanee  when  pla 
water,  by  ioean»  of  a  feather  or  camers-hair  briii*h.  The  tei 
ture  of  the  water  should  also  bo  kept  coustantly  at  tJU*, 
variation  of  the  barometer  from  30  ijiciies  should  be  duly  allon 

Bpeeliic  CrnTlty  Bttttle,— In  caBcs  where  but  small  fragi 
a  snbatanee  ran  idoiie  be  obtained,  the  instrument*  fig.  G2, 
conveniently  employed.     This  consists  of  a  small  bottle,  of 
the  stopper,  nicely  tltted  by  grinding,  is  traversed  by  a  oil 
tube,  and  m  &o  arranged  that  it  cannot 
beyond  a  line  marked  on  the   neck  o' 
phial.     By  this  means,  it  is  easy  to  obt 
constant  weiglit  of  water  in  the  ins' 
as,  if  it  be  filled  beyond  the   lino 
stopper  afterwards  forced  into  it,  tho 
dant  liquid  will  escape  thrDUgh  the 
tube,  and  the  bottle  remain  exactly 

In  order  to  take  a  speciJie  gravity 
aid  of  this  phiah  it  should  first  be  weight 
of  water,  a  counterpoise  equivalent  t 
weight  of  the  bottle  being  placed  in  the 
site  acale-pau.  The  substance  to  be  euu 
must  then  be  weighed  in  air,  and  afterwards  ilropped  into  t 
uf  water,  care  bemg  taken  to  avoid  the  losa  of  the  most 
^>oi*tiun.  The  stopper  is  then  replaced,  so  that  the  bo' 
again  remain  completely  full,  and  the  whole  is  re- weighed.^ 
ditt'erence  between  the  weiglit  of  the  bottle  of  water,  W.  add 
the  weight  of  the  mineral  in  air,  W  or  W+W,  and  that  < 
bottle  of  water  w^  when  containing  the  fragment  to  be  exaraii 
evidently  W+W^m?,  and  the  specific  gravity  Bought  will 

quently  be  represented  by  — — — 

W+W — i€. 

An  example  may  prt»bably  render  this  explanation  more 
understand. 

I  find  that  the  bottle  full  of  distilled  water  at  60  Fabt.» ; 
inches  of  the  barometer,  weighs  995*74  gi-ains  —  W. 

^ind  tbo  substance,  which  is  crystaUiaed  sulphate  of 
weighs  in  air  6207  grains  =  \V'* 


euu 
edj 
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'    Hie  bottle,  with  tlie  sulphate  of  baryta  and  water  together,  is 
band  to  weigh  104402  grams  =  19. 

The  united  weights  of  the  bottle  of  water  and  the  sulphate  of 
lirrta  together  being  1057*81  grains,  =AV+ W,  the  weight  of  the 
ttmralent  volume  of  displaced  water,  will  be  1057-81  — 1044*02  = 
18-79 = W+ W— w.    It  therefore  follows  that  the  specific  gravity 

62*07  W+W 

flf  snlphate  of  baryta  is =  4.50  = 

^  ^         18*79  W+W— IP* 

A  cubic  foot  of  distilled  water  weighs  62*388  lbs. ;  and  conse- 
quently the  same  bulk  of  sulphate  of  bar}'ta  ¥rill  weigh  62*388  lbs. 
X  4-50  ==  280*746  lbs. 
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CONSTITUTION  OP  THE  EXTEENAL  CBUST  OF  THE 

•  EAUTH. 

The  globe  on  which  we  lire  is  made  up  of  mineml  aubaifkooos  of 

very  variouH  natiireft. 

The  jvggpegationa  of  tlieso  minerals  arc  called  ror^*,  a 
found  to  differ  firom  each  other,  not  cmly  in  their  chemical  t    -i^  - 
sition,  but  also  in  their  mechanical  Btructiires. 

In  certain  rocks  the  minerals  are  arranged  with  a  sort-  of  o-i.Tir-ml 
regularity^  They  are  then  said  to  be  stratified^  and  are 
divided  into  regiilar  parallel  layers,  which  may  often  be  U-.w  i  .,,^i 
&  conaiderable  extent  of  snrface.  It  frequently  happens  that  the» 
rocka  posaesa  great  facility  of  cleavage  in  the  direction  o**  *^  ■- 
Btratification,  and  are  easily  split,  as  in  the  case  of  roofing 
into  thin  sheets.  Those  which  possess  this  property  are  c;uieii 
8tra(tfied  rocks. 

Other  varieties  of  rock  do  not  possess  this  pn^perty ;  so  tkst 
when  they  are  dinded  by  fiasures,  this  cracks  do  not  H{»pt*Ar  to 
follow  any  particular  direction,  but  take  place  with  x- 

tiona,  withuut  any  appearance  of  syinmotry.     In  v*  n 

to  the  otiiera,  these  are  called  non-stratifed  or  cnjs' 

The  non*8tratilled  rocks  are  composed  of  crj'stalli 
arranged  as  to  resemble  a  mass  of  mineral  gubstances,  ^^  r 

being  fused,  had  been  allowed,  by  slow  cooling,  to  group  i  -* 

according  to  their  respective  affinities.  The  result  of  such  an 
experiment  would  be  to  produce  a  semi-vitreous  mass  contnlfun^ 
various  crystals  disseminated  in  an  arbitrary  manner  t  it. 

its  aubstance,  and  possessing  no  appearance  of  reE^^l-^ri  r 

grouping.     The  non- stratified  rocks  present  precis 
once,  and  are  consequently  supposed  to  Imve  been  iii,.a..iLu.  .r,  y^.^ 
influence  of  extrenie  heat,  front  which  circumstance  they  are  abo 
caUetl  Plutonic  or  iffn^ous  rocks. 

Tlie  stratified  rocks,  on  the  ceutrarr,  present  appearanoei  similar 
o  thoae  which  occur  in  the  deposits  daily  taking  pi  *" 

ottom  o(  the  sea,  and  in  the  beds  of  rivws.     Thi?  vast 


}iendijrv  voma  U)  tha  cuucluaiuu  tUa^  *WiU  <i^;^ioiiN^  Wn 
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Mimed  under  the  surface  of  watcr^  and  have  consequently  aasigiied 
to  them  the  name  of  Neptunian  or  «etHmentanf  rocks. 

The  depoeite  which  occur  at  the  bottom  i>f  aeas  or  lakes  will 
liiturally  take  the  form  of  honsontal  or  slightly  inclined  layera ; 

Kh  w  evident  that  those  which  occupy  the  lowest  position  are 
deposited, 
be  diiferent  stratified  rocks  found  in  Tarious  parts  of  the  world 
Wre  probably  formed  in  a  similar  way ;  and  it  therefore  follows 

I j  those  wlJich  are  farthest  from  the  present  surface  were  formed 
|ioua  to  thoee  aboye  thein,  and  that  consequently  the  relative 
l-of  the  various  stratified  nwks  may  be  at  ooce  determined  by 
^tuation  which  they  occupy  in  the  series.  In  level  countries 
•tnitificatioDd  are  found  lying  in  nearly  horizontal  bods ;  but  in 
Mnntainous  districts  the  ditferent  layera  are  usually  very  much 
BcUued,  and  in  some  instances  are  even  vertical. 

II  also  frequently  happens  that  strata  possessinp;  considerable 
ndination  are  again  covered  by  a  series  ot  horizontal  beds,  which 
len  said  to  be  in  dUcordant  stratification  with  relation  to  the 


appearances  are  evidently  produced  by  some  violent  con* 
of  nature,  by  wliich  the  beds,  which  were  in  the  first 
horizontal,  were  forced  out  of  their  original  position  by 
ie  upheaving  of  a  mass  of  nou-atratified  rock,  carrying  with  it  in 
8  upward  movement  the  edges  of  the  strata  on  either  side.  If 
*e  rocks,  after  having  assumed  this  jwsition,  should  again  become 
>rered  with  water,  it  is  evident  that  other  beds  haWng  a  nearly 
)rizontal  direction,  and  being  therefore  in  dtacorthuit  stratification 
ith  the  upheaved  portions,  will  be  deposited. 
^  ease  of  this  kind  is  represented  by  fig.  63,  in  which,  after 
W^p  the  original  strata  to  a  considerable  distance^  the  igneous 


finally   bursts    through   them,   and   appears  aa   a  granitic 
After    the   expiration  of  a  certain  time,  the   surface  \\tva 
corered   with    water,  and    horizontal    depoaita   Wvo 
although  tho  summit  oi'  the  uplifted  granite   st\\i 
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remains  above  tbe  whole.     The  aedimeDtaTT  deposits  in  the  i 
•liate  proximitj  of  those  nm^sea  of  the  primitive  rocks  which 
thus  bern  forced  through  theim  nre  iitsunlly  found  to  be  eonsififrnM 
elianged  in  thtnr  wtructure,  iiud  tbe  change  becomes  mort 
when  the  two  rock:*  come  into  aetual  contact.     Under  sut 
btancee,  the  sediraeatary  deposits  are  found  to  have  bt'comc  W 
eerttdn  dcereo  cryetalline,  as  if  the  heat  produced  by  the  ini«  cti* 
of  tlie  melted  mass  of  plutonic  roek  had  so  far  fused  the  -^ 
strata  as  to  admit  of  tkeir  several  couatituents  airanj^ng  t) 
according  ti>  their  various  crys^tttllinc  impulses.     The  p) 
above  described  'Are  of  very  frequent  occurrence,  and  the  «ti«^«  *.. 
modified  are  described  as  met  amorphic  rock». 

Jt  is  evident  that  the  ehani^e  of  level  produced  bv  the  imiptioV 
of  the  i^eoua  rock  ia  moat  apparent  in  the  immediate  proiimitj 
of  the  irryptive  mass  itaelf,  and  that  they  gradually  »ubaide  frOD 
those  points,  until,  at  no  very  considerable  distances,  they 
asHume  their  oni^ual  positions. 

These  audduu  chaTi£jc8  of  level  necessarily  produce  strong 
rents  atul  eddies  in  localities  in  which  the  water  was  brt" 
comparative  state  of  rest;  and  by  this  means  we  freijur 
hollows  formed  by  the  consequent  action  of  the  water  on  the 
viously  deposited  strata.    Fig-  64  represents  a  valley  thus  prodi 


k 


^r^y,  .^y"[ 


by  the  action  of  a  current,  which,  instead  of  depositing  fresh 
MA  in  the  case  of  a  smooth  lake,  ha^  removed  those  alreadv  foi 
and  of  which  the  outcrop  may  be  traced  on  either  siie  of  t! 
cavity  produced. 

It  sometimes  happens  that  those  currents,  hollowing  out  tl 
surface  of  the  earth  into  valleys,  have,  by  means  of  subsequei 
cbaDges  of  level,  again  become  sufTiciently  tranquil  to  aUow  of  tj 
deposit  of  fresh  strata  in  tlio  place  of  those  ri*moved;  and  in  tl 
case  new  beds,  fig.  65,  are  formed  in  discordant  stratification 
the  rocks  on  whicli  they  repose. 
Although  the  ditforent  strata  of  which  the  eart\\'a  crust  is 
p<med  are  found  to  succeed  each  other  'm  rv^^!;o\M  ox^x  Ixq^\q» 


sTttATiricATioir  or  KooKa. 


ia  wbicb  the  relative  age  of  any  pftrticukr  bed  may  be 

fl.  yet  it  aeldum  happenu  that  any  one  louulity  poesessea 

r.'f  them  without  iiiterruptioa.     More  frequently  one,  or 

iseveral  memberB  of  the  series,  are  found  to  be  entirely 


Yl-jr»ivi 


i'>    ftnd  from  this  we  may  infer,  either  tliat  the  locahty  wa^ 

1  with  water  at  the  time  that  the  missiug  atriita  wert^ 

-itt?d  elsewhere,  or  that  they  were  acttisilly  formed,  and 

r  iy  removed  by  the  ajc^ency  of  currcutd,  as  before  explained, 

ni-  i^reake  in  the  series  might  sometimes  lead  to  misJtakod  with 

t  to  the  pn'cise  relative  ages  of  the  several  rocks,  did  not 

'     -  'jf  a  diflervnt  class  lend  their  aid  in  the  dettTminatioii  of 

-  of  tlieir  formation.     The  greater  proportion  of  these 

y  dep<isits  r-etain  the  remaiua,  or  at  leai^t  the  impressions 

varioug  pJArits  and  animals  which  inhabited  the  world 

.     Theae  animals  and  vt^gelubles  diller 

.  according  to  the  poaitiuu  of  the  beds 

-ce  jituiid  ',  and  as  these  changes  are  frequently  very 

tivn  adjoining  strata  of  a  series,  the  eomj>ai'ative 

mA  evidently  places  in  the  hands  of  the  gcolo- 

lod  of  aifcertainiug  tlje  ages  of  rocks, 

ive  long  8oug!it  to  explain  the  caui*es  which  have 

•  imense  dislocutions  and  upliftings  above  described ; 

igh  it  would  be  here  out  of  place  to  give  the  vanouM 

will.  It  theae  phenomena  have  from  time  to  time  becu 

(leverlhelesa  briefly  advert  to  one  great  ageal 

|..o  ...-*".  have  acted  an  important  part  in  producing^ 


:oft. 


'heB  us  that  the  world  we  inhabit  ia  a  spheroidal 

I  in  the  direction  of  the  axis  of  ita  rotation.     This  is 

that  a  Uauid  globe  would  asaume  if  made  to 

*^aiis.     Irom  this  and  other  circumstaneeH. 

ijil'le   ihnt  the  earth  wus  ori;^Mn:illy  in  a  hIvxU*  «>\* 

.1  unJer  thv  inBuence  of  tAtrcniC  beat  its  \iresfcuV 
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form  was  assumed.     It  is  thus  evident  that  its  temperature 
by  radiating  into  space,  become  progressive) j  less,  and  also 
thia  cooling  would  proceed  more  rapidly  at  the  suriace  than  towj 
the  centre.     If  this  suppositiou  be  correct,  the  temperatiire  of 
earth,  even  at  the  present  day,  ahould  be  greater  towards  its  ceni 
than  at  the  euriace ;  and  this  is  actually  found  by  experiment  to 
the  case, 

In  mines,  and  during  the  sinking  of  artesian  wells,  it  hi 
constantly  obsened  that  at  a  certain  distance  from  the  au] 
point  is  attained  at  which  the  variations  of  the  seasons  in  no 
alfect  the  temperature,  but  that  beyond  that  point  it  rej^ 
augments   aa   the  depth   increases.     This    increase   is  found 
be  about  1'^  Faht.  for  every  55 1  teet ;  and  consequently  at  a  di 
of  200,C)00  feet,  a  temperature  of  3,600^  isiH  be  attained;  an( 
this  is  not  T?,uth  part  of  the  length  of  the  earth's  radius,  we 
conclude  that  at  a  depth  lees  than  ^th  of  its  diameter,  all 
matters  which  compose  its  crust  are  in  complete  fusion,  as  no 
Btauce  with  which  we  are  acquainted  could  resist  eo  elevJitel 
temperature. 

If  we  now  conceive  that  from  the  cooling  which  takes  plac^; 
the  surface  ii  contraction  of  the  solid  crust  is  produced,  it 
evident  that  the  central  liquid  mass  will  become  more  or  less 
pressed,  and  that,  from  being  umHiually  restrained  in  its 
parts,  it  must  cause  a  rupture  at  the  point  of  least  resistance. 

These  eniptione  will  in  moat  instances  have  dislocated  the  se^ 
mentary  deposits  which  may  have  been  formed  previous  to  tbe 
discharge  of  the  injected  matters ;  or,  il*  thia  should  not  have  taken 

Elace,  they  wiU  be  displaced  without  fracture,  and  produce  an  undu- 
ited  appearance  in  the  stratiiication, 
Frf>m  phenomena  which  coiitinuaDy  occur  in  the  neigbboiu*hood 
of  high  moimtains,  it  is  evident  that  these  elevations  are  genenUy 
due  to  forcea  thus  acting  from  the  centre  of  the  earth  towards  iU 
circumference ;  and  from  the  nature  of  the  strata  traversed,  geolo- 
gists are  emibled  to  estiiblidh  with  great  precision  the  relatdve  agM 
of  the  different  moimtain  ranges. 

From  long  series  of  investigations  of  this  nature,  we  learn  thai 
several  suceeaaive  eruptions  of  great  magnitude  have  at  distant 
periods  occurred  on  the  face  of  the  globe,  giving  rise  to  the  difterent 
chains  of  mountains  which  extend  in  various  directions  over  its 
surface ;  and  geologists  consequently  class  the  stratified  rocks  into 
certain  groups,  of  which  the  formations  are  fiupi>OBed  to  be  sepa* 
rated  bj  the  eniptions  which  have  produced  the  principal  mountiiiu 
chains, 

The  rocks  which  constitute  the  citcriar  crust  of  the  earth  were 
fit  Mriit  divided  into  two  olaaseB,  diatiuguiahed  b^  t\ie  Tkanjkfi*  of  |ipi» 
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Hfo   tod   aectmdarj/   formations.      By   the    former    term   were 
H^gTuiied   all   the  cir.xtalline  rocks,  while  the  latter  was  col* 
KtiTely   applied  to   the  sedimentary  deposits.      It   was   suhse- 
Kfiitlj  foutid  neceessar)'  to   subdinae   the   secondary  class  into 
ibffirivnl  minor  groups,  and  for  this  purpose  the  terms  tranaition^ 
—  "'•"'    and  tertiary,  were  employed.     The  first  of  these  was 
the  lower  stratified  rocks,  which,  although  distinctly  ^ 
«^miifULary,  still  contain   crystalline  minerals    in    considerable 
tbiizifbinee.     The  name  of  tertiary  was  given  to  the  more  recent 
stralifieHi  formations,  whilst   the   original   term,   Beoondaiy,  was 
•|i{>lled  to   all  the  intermediate   rncks.     This  method  of  olaasi- 
ficAtion  wa«,  however,  found  to  cause  great  coikfusion  of  ideas,  as , 
Cdkch  writ*"r  iixed  the  limits  of  the  various  classes  in  accordance  with  j 
hla  own  particular  opinions ;  and  consequently  these  terms  are  fkatj 
dilftppearing  from  geological  works,  and  arc  superseded  by  a  claa^^ 
lykiition  based  on  the  relative  ages  of  the  several  deposits  aa 
IC^iTcd  to  tlie  period  ci"  elevation  of  some  particular  mountain  chain. 


OP  THE  PRnrCIPAL  KINDS  OF  BOCES. 


Tiiv  Primitive  Rocks  are  chiefly  composed  of  mixtures  of  different 
lerals,  of  which  the  principal  are  quartz,  feldspar, 

.^Jc.  and  p}Toiene, 

i*  merely  another  name  for  silicic  acid.     Feldspar  is  a 

i.  .  omposed  of  the  silicates  of  alumina  and  lithia,  potash  or 

Mica  13  formed  of  the  silicates  of  lime,  potash,  soda,  and 

ouae  of  iron.     Amphibole  and  p3rrozene  are  both   silicates  of 

llmuiUK  lime,  and  protoxide  of  iron. 

csrmitlt«»  which  constitut43s  hy  far  the  largest  portion  of  the  primi- 
tive nx^k,  is  composed  of  a  nuxture  of  foldspar,  quartz,  and  mica, 
Thr  relndve  proportions' of  these  minerals  differ  in  the  various 
Vmd-  of  ^rranite,  and  the  admixture  of  small  portioris  of  the  oxides  of 
icse  frequenth'  causes  considerable  variation  of  colour. 
1^  in  which  ttie  three  ingredionts  combine  varies  in 
!  ic9.     Such  as  contain  a  great  preponderance  of 

itly  described  as  ^or/j Ay n7/e- 
Pb-  H.cies  of  granite  in  which  the  quartz  and  mica 

■AT*-  ig.  and  tlierefore  consists  of  a  mass  of  feldspar 

of  tho  same  substance. 

i<  in  which  all  the  scales  of  mica  are  laid  in  tl 
t  i  •  the  mass,  to  a  certain  degree,  the  aj 

yttm  are  the  nn.>ducts  of  volcanos  of  very  ancient  dato,  and 
-  appear  to  have  Ho^'ed  in  the  form  of  lava,  and  at  otUer* 
on  niereh'  thrown  up  in  b  pasty  state,  as  it  fn'^ut.^wlVj'^ 
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on  comiiig  to  the  surface,  jo^ves  rise  to  hills  posses*^ 
outlines.     The  trachHes,  like  the  poq^hme^,  are  c- 
feldspar  base,  and  frequently  contain  large  Itubeddeil  erybUl* 
that  niineral. 

BAMaUK  are  the  eniptiona  of  more  nuidern  volt-anos  th 
givuig  riHe  to  the  trachytes.  They  are  compotied  of  a  mi 
pyroxene  (silicate  of  lime,  manpmesej  and  iron),  and  lalirn 
kind  of  feldspar,  containing  alumina,  lime  and  soda).  It  1 V 
happens  that  when  thia  substance  reaches  the  surface  aftf 
a  passage  through  the  various  sedimentary  fonnations,  it 
out  into  rounded  heads,  and,  if  tlie  conformation  of  the  c<>i 
favourable,  hori/ontfd  beds  of  coDsiderable  extent  are  tl« in- 
duced. The  texture  of  the  sedimentary  deposits  in  the  immediate 
proiimity  of  the  tiwsures  through  which  these  basaltic  ma^ 
ueea  projected  ia  always  considerably  changed  ;  and  in  son 
ties  \uiere  beds  of  Hgnite  have  been  tlma  traversed,  they  ;i 
to  be  converted  into  coke  by  the  intense  heat  evolved  du 
eruption. 

Basalts  generally  exhibit  a  tendency  to  form  immense  col 
joined  together  by  thin  lateral  faces.  These  are  frequently  «tt^ 
sided,  and,  from  their  grt^at  regularity,  present  the  appeamrn-f  f»f  t 
gigantic  crystallisation,  although  they  are  in  reality  produn 
ghrinkiug  oeeasioned  by  the  cooUng  of  the  mass  vAXer  beini 
on  the  surface, 

Lavaw  arc  the  mineral  gub«tance»  rendered  liquid  by  heat  whidl 
flow  from  \'idaniOM  of  the  present  e[)och,  and  are  generally  foimd 
extended  in  the  form  of  thin  strata,  or  appear  as  a  coating  on  th« 
dcclidtes  of  the  mountains  from  which  tney  have  been  ejected 

Tlie  name  of  schut  is  applied  to  minerals  possessing  the  prt)pefty 
of  being  easily  separated  nito  thin  layers,  and  which  present  th« 
foliated  appearance  obsenx»d  in  common  rtiofing  slate. 

The  term  sand  is  applied  to  arnaU  disconnected  particles 
quartz. 

^N^ien  these  grains  are  united  by  a  siliceouB  cement,  the  resulting 
rock  is  called  ffrit  or  sanihtone.  This  is  sometimes  found  of 
white  colour,  but  is  more  Irequently  stained  by  some  met^o 
oxides^  as  in  the  old  red  sandstone,  which  owes  its  colour  to  *' 
presence  of  peroxide  of  iron, 

Ciilcarct>u»  Rockn  are  composed  of  carbonate  of  lime,  and 
called  by  various  names  aeeurdiug  to  their  state  of  aggregntioiL 
Li  marbles  and  Iceland  spar,  it  occiu's  in  crvstals :  in 
limestone,  it  is  compact;  and  in  chalk,  almost  pulverulent.  Tin 
colours  of  calcareous  rocks  are  even  more  various  than  their 
fiructures.  Iceland  spir  is  perfectly  transparent;  pure  marbll 
aad chalk  are  white j  whilst  uthor  v&rietiu&  oC  tkva  ft\xbfttsuioe  Qosaea 
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■eeardiiigto  the  nAture  of  the  orgaoic  or  LDorganic 
■  br  vb^  &ej  are  stained, 

—Tim  dflfewait  kinds  of  day  an?  chiefly  oOtdpoBed  of 
altbongh  nearly  all  of  them  alao  ^ield  traoee  of 
they  occur  in  a  phistic  state,  and  are  prin* 
for  their  impermeability   by   water.      When 
eoofliilermble  quantities  of  carbonate  of  lime,  they  are 
trls. 

mm*  Amlijilrnuv    Holpbattf  of   Uine   OCCULTS  in    lAlge 
li  m  Ike  fteeoi)  atioiu»,  and  ia  either  found  in  regu- 

Iflr  m  bobted  ir  maaaea. 

6SOU>01CAL  I»m8I0lr  OP  THS  X.LBTH*a  CBU8T. 

liDcrwing  table^  eitracted  from  the  Geological  Observer, 
1 T.  De  la  Beche,  shows  the  relative  positions  of  the  aevcral 

il  formations  of  Western  Europe,  together  with  the  nature 

inoiia  rockfl  of  which  they  consist : — 

JSR  STEATIFIED,  oe  FOSSILITEROUS  EOCKS. 
I.  TERTIARY,  os  CAINOZOIC. 
11.  SECONDART,  oa  MESOZOIC 
ni.  PRIMARY,  OB  PALJEOZOIC. 


r  Tertiary. 


ibeoua  Group. 


I.  Tertiary^  oh  CAiyoroic» 

Mineral  accumul&tion*  of  the  prttent 

FleistooeDe. 

Fldooene. 

Miocttia. 


[•: 


n. 


Sbcondaxt,  oa  Mbsozotc. 

^d.  Chalk  of  Maeetnobt  aod  Denmark. 

b,  Ordinarf  chalk,  with  wad  withoul  flintiw 

e.  Menthun  bedf*  or  upper  greeu  s«oct 

d.  Oault. 

«.  flhftnklin   sands.  Tocten, 


(i 


iQ  aaud 
a.  wedden  clay.   \  Organic  remains  in  them  mm 
m  aqnivaiksatt  of  <{  A.  Hartincs  tnidA.  >     of  a  duriatili*,  Ucufltnnet  or 

c.  Purbeck  tenm,  j     tatiuuj  civumAer, 
f  a.  Fortknd  oolite  or  lioicatoae. 

e.  Portlami  taoda. 

d.  Kimmeridgio  day. 
t.  Coral  ng  and  its  aooompanrii^  crila* 
/.  Oiibni  pU}*,  with  Kidloway*  iwk. 
§.  C<jriibr»fth. 

h,  Fotv6t  marble  and  Bath  oolile. 
i.  Fuller'*  earth,  cUj,  and  linnftwia 
k.  Inferior  oolite  an  J  iU  Muida. 

/  /.  Luis,  upi)er  and  iomr,  with  iU 
I         warUtout*, 
M 


or     Oolitic 


Ma 
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D.  Trittg  group. 


A.  Fennuui  gnnip. .    . 

B.  M&riae  equivulenU  of. 

C.  Carboniferous  liuic- 

fitone  group. 

D.  Devonian  group.    .     . 


£.  Silim&Q  group. 


F.  Oftmbriau  group. 


u- 


fa.  VoHfignted  marU,  Manies  Iruee*,  Ki^uper* 
'  b,  Musehelkalk. 
e.  Rod  Bandstone,  Grca  Blgair^,  Banter  MxuUtcin. 

III.  Pbimabt,  OB  Paueozoic. 

Ca.  Zechstmn,  dolomltio,  or  tnagnedan  Hmostooe. 
.  <  h,  Kothe  todt«  iiegende,  lower  mw  rod  ooogloB» 

[^         rate  and  sandatooei,  grea  rouge. 

( a.  Cool  measures,  temin  Houiller^  Stdn  Kobleo 

^         Gobcrge. 

/"  a.  Carboiuteroufl  and  moimtain  litne*tone  with  iU 

J         tXMd,  sandetone,  and  »hale  bads  in  Aome  tlir 

1  triots.     Oalcaire  uarbonifcre,  Bergkolk. 

C^.  Carbonifcroufl  ilaU's  and  ^\tUov«  jMuidsione. 

(  a,  ¥ariou»  modific^tioDA  of  tbe  old  red  Mudiilaw 

i(^  Beriea. 

^  a.  Upper :  Ludlow  rocka,  Wenlock  tbalo  and  lima* 

J         fttono,  Woolbope  limcfttonc 

J  b.  cuddle  :  Caradoc  aandstoue  and  conglonioralA. 

C  r.  Lower  :  Llaudilo  and  Bala  beds. 
a.  Barmouth  Bandst<)nee,  Pcnrhyn  olatcs,  &£.  Tt- 
rious  rocks  subjacent  to  tlie  Silunun  6<anM  ra 
Wales  and  Iivland,  and  ubore  llw  tnioa  and 
chlorit4)  elated^  quartz,  and  other  rocks  of  As* 
glesea  and  part  of  CaeruarToushire. 


Unknown:  probably primitiTe. 


OF  METiJ.UF£IlOU8  DEPOSITS. 

Mineral  deposits  are  of  different  kinds,  aud  hay©  received  dis- 
tinct names  ai-cordinff  to  their  various  naturt-s. 

Mlnerftl  Veinn. — ^Tne  surface  of  the  earth  ia  in  many  jooilttief 
traversed  by  ruts  or  fissures,  probably  produced  by  great  eonnU- 
Hions  of  nature  which  have  oceured  in  remote  ages.  ThcftC  arc 
eonietimes  found  to  be  filled  by  tlie  tnichytic  or  porphjTitic  rock», 
by  the  injection  of  which  the  fisauresj  were  first  funned,  whilst  in 
other  instaiices  they  coutaiu  various  metals,  either  in  a  fiv<*  «t«t4% 
or  in  different  fonuii  of  eoinbiuation.      In  the  former  '.-«• 

formations  are  termed  dyke»,  but  when  they  contain  a.  .ret 

they  are  cAlled  mineral  veins. 

It  18  not,  however,  eatieutial.  that  a  ^Tin  should  contain  a  metal* 
as  whenever  a  tisKUre  ha«  been  ti  oh 

ia  not  of  trappean  origin >  it  i  iii 

are  chiefiy  I'ouud  either  in  the  pnmitive  rtK'ka^  or  in  tr  um 

di'T»osItH  in  their  immediate  vicinity*  and  in  such   i^  '«• 

number  of  otir  mufti  productmc  mim^s  are  situ,. 

,..,11  •'-•!    ikiim  are  ulleu  miirly    iii*rT,..Tiil!i'iiliir   '- 
tiiiD,  .1  'hv\  aomelinieu  Vi> 

Orncr;)  inL'  a  vein   niav  W  ^^^.v.  v, ,.  ^^  « 


inc:  a  vein  may 
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IV»  ('ttcnaion,  in  length  and  ilqjth^  is  unknown,  as  the  former  ia 

hotmdeci  hy  a  oontructiug  too  small  to  induce  the  mintT  to 

r,   and  tlif  Utter  is  freijufntlv  grtniter  than  that  of  the 

IPS.     It  Hfldom  hupprriM  that  an  isolated  vein  is  lound 

iilar  locality,  aiid  with  but  few  exceptions,  where  one 

k  'MPed,  others  may  safely  be  inferred  to  be  at  no  eou- 

b."  -I;!  nee, 

it  I  <  rii  1  [111  that  all  the  veins  of  the  same  locality  have  a 
Lr  '  K  ^  iitvLi ion,  and  if  two  distinct  systemB  of  lodes  should 

<'  >arne  neighbourhood,  those  ruunmg  in  one  direction, 

I  uu:*,  yield  a  diflerent  metal  fi^m  those  which  do  not 

1  Ame  couTJse. 

'  ''-^trieta,  certain  technical  terms  are  employed  for  the 

saing  the  diflerent  circumstances  relating  to  mineral 

i»rjM>sitc« ;   mm  it  is  therefore  necesBary,  before  entering  into  any 

mmiUm  on  this  subject,  to  explain  the  meaning  of  those  which  are 

it  occurrence.     In  the  first  place,  the  rock  in  which 

(I,  whatever  may  be  its  composition,  is  invariably 

/ry;   the  veins  containing  the  metallic   ores,  ut^ 

•  which  are  not  productive  in  metal,  and  are  not  in 

lion  of  the  lodes  of  the  district,  are  called  cross 

; >,  or  inclination  of  the  vein  towards  the  horizon,  is 

or  underlie,  and  its  intersection  with  the  surface 

it  ia  called  its   run,  or  direction  :   strings  are  atnall 

\  kich  the  vein  sometimes  splitw,  and  ol"  these,  those 

Hmall,  are  sometimes  called  threads. 

The  two  Bides  of  the  cantv%  which  contain  the  lode,  and  which 

consequently  regulate  its  thickness,  are  c^led  its  wuHs  ;  and  if  the 

VOB  has  a  considerable  inclination,  its  upper  boundary  is  termed 

the  kanffinff  ujqU^  and  the  lower  the/oo/  wall, 

Besideif  the  productive  lodes,  all  mining  districts  are  traversed 
\ir  "^ — -  which  most  frequently  intersect  the  Ibriner  nearly  at 
r .  -.  but  which,  in  the  majorit\^  of  cases,  are  not  metidlife- 

Tuuj,  IT,  11  they  should  contain  minerals,  they  are  seldom  of  the 
■me  kind  ais  those  occurring  in  the  other  lodes.  The  priucipid 
fabstaaoes  which  occur  in  these  cross-courses  are  quaHz  and  clay ; 
tikequATts  being  mostly  crystalline. 
Inese  cross-courses  frequently  ^rct^wce  faults  or  slides  in  the 
lodes,  which  materiiAlly  impede  the  operations  of  the  miner, 
aonietimes  cause  large  sums  of  money  to  be  tinpro<luctively 
This  is  occasioned  by  the  circumstance  that  when  t^^o 
cross  each  other,  the  older  of  the  two,  or  on^ijial  lode,  is 
ifaDost  invariably  more  or  less  thrown  out  of  \U  primitive  direeUvit\ 
*»3rtl*fi  ainkiiit;  or  upVifiiajrofoneoftbo  w.j/is  of  the  more  recetit\e\\\. 
tthct^deonhtaiiity^.  in  the  direction  ibUowt^d  by  the  tniner  V 
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■unit,  the  accident  is  called  a  htwee  ;  but  if  the  diacrepancy 
oau»ed  by  an  apparetit  \ipliftmg  motion,  the  originAl 
^aeeiu  to  have  sunk,  aud  the  fracture  is  called  a  sltdt. 

The  natiire 
dislocations 
better  undera 
reference  to 
in  which  a  m 
is  represented 
taken  place  in  tl 
rection    indicated 
the  aiTOWd. 

The  ahding  of] 
Rnpenncumbent  m 
on  the  plane  of  1 
cross-course,  n  6,1 
caused  a  correBponding  descent  of  the  upper  portions  of  the  t 
veins,  c  d^  ef^  in  the  satue  direction,  and  as  the  lower  part*,  c' 
/  f\  still  retain  tlieir  original  position,  the  spaces,  tf  rf,  t  f^  mi 
necessarily  occur  between  those  portions  of  the  lode  which  W 
in  perfect  coincidence  previous  to  the  rupture.  In  this  instai 
it  has  been  assumed  that  but  one  dialoeation  has  taken  p1aC6^  I 
it  will  therefore  be  extremely  eai«y  for  the  miner,  after  hb  ' 
discovered  the  direction  of  the  heave,  to  find  the  other  portiott  of 
lost  lode.  In  order  to  do  this,  he  Mill  merely  have  to  piOO 
along  the  course  of  the  fault  in  an  opposite  direction  to  thai 
the  arrows,  by  which  means  he  is  gure  of  finding  the  portion 
the  lode  which  has  remained  in  its  original  position,  i 

It,  however,  not  unfrequentlyhap|)ena  that,  instead  of  one  niptl 
several  successive  dishications  have  taken  place,  and  in  thia  o 
the  working  of  the  lodes  in  the  neighbourhood  is  often  egctrSB 
tniublesonie,  as  when  the  vein  ie  once  lost,  it  becomea  a  nul 
of  great  diiHridtv  to  find  its  continuation  beyond  the  several  fiii 
by  wliich  it  lias  been  divided. 

From  what  had  been  said  of  the  nature  of  these  aecideuta,  i 
evident  that  the  veins  dislocated  are  tUways  more  ancient  t 
those  by  whicti  tlieir  eontiiuiity  has  been  interrupted,  and  Cfld 
quently  the  study  of  the  different  systems  of  faults  which  0« 
ill  a  district  atlbrtls  the  geologist  a  sure  means  of  judgmg  of 
relative  ages  of  the  mineral  veins  which  it  may  contain.  i 

The  coraposition  of  minenil  deposits  ul8c»  a])pears  to  be  ao 
what  aflected  by  the  nature  of  the  rock  through  which  thoy  p 
as  certain  minerals  are  found  to  exist  in  large  quantity 
oortion  of  a  lode  which  passes  through  one  kind  of  roc 
m  another  of  a  diferent  conipoaiUon  tW^  «kre  eW^xet  lal 
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ooearrence  or  entirely  abat'rit.     As  a  general  rule,  those  vems 
•ire  foiuid  most  pnjductive  which  are  situated  in  the  immeiliate 
B^ii?1il».Mir!mod  of  the  junction  of  two  different  speeios  of  rock. 
In  I.  from  whence  a  large  proportion  of  the  mineral  riches 

rf  :...     ...iktry  are  extracted,  all  the  most  productive  mines  are 

fitoMtod  near  the  point  of  raeeting  of  the  granite  and  kilta^^  or 
-^--  -^1e. 

•  tilled  BedH. — With  the  exception  of  the  ores  of  iron,  most 
ill  liU'  metallic  mineraL*  are  almost  exclusively  raised  fi'ora  re^lar 
vetits,  iklthough  they  may  sometimes  occur  in  small  quantities, 
disseminated  in  the  various  rocks  in  the  vicinity  of  the  lodes 
which  produce  them  in  larger  amounts.  The  ores  of  iron, 
iikis  other  minerab,  oftt^u  oceur  in  regular  lodes,  but  arc  chiefly 
^oposited  either  in  distinct  strata,  as  in  the  case  of  the  black- 
hsid  iron-st<ine  found  in  the  coal  districts,  and  which  is  often 
CKtrmctcd  tlirough  the  same  pits  as  the  coal  itself,  or  exists 
in  ifpcgiilar  deposits  probably  produced  by  the  intiltratiou  of 
bmiginotis  waters,  as  is  sometimes  remarked  in  localities  which 
jilid  Uie  different  varieties  of  oolitic  irou-orea.  Thene  irregular 
IWWirw  of  metalliferous  ore  are  also,  though  less  frequently,  found 
to  pnjduoe  other  metals, — such  as  tin,  lead,  or  copper ;  but  the 
omim»nc*e  of  such  deposits  is,  in  the  case  of  these  minerals,  con- 

\  an  unfavom^ble  indiciition  of  the  ultimate  value  of  the 
^^:i ..  t  for  miiiuig  purposes. 

Allartii]  DepoAltii. — Besides  these  more  ancient  formations  of 
mir '-  '  ■■'•^K,  it  sometimes  happens  that  the  valleys  in  the  neigh- 
'hf  I:  metalliferous  rocks  have,  in  the  course  of  a  long  series 

of  J  ear-,  uecome  partially  filled  up  by  sands  washed  from  the 
■ttXTCiunding  mountains,  and  wliich  arc  found  to  contain  a  portion 
of  the  metallic  riches  of  the  hilk  of  which  they  once  formed  a 
part.  In  some  districts  such  deposits  are  extremely  common,  and 
aibrd,  by  washing,  large  quantities  of  various  metals.  In  Cornwall 
WOfX  of  the  valleys  in  the  tin  districts  )ield  sands  conta^ining  the 
perondo  of  that  metal  This  is  extracted  by  washing  in  a  stream  J 
of  wnt#Tt  when  its  greater  density  causes  it  to  remain,  whilst  the  ^ 
be  "s,  with  which  it  is  associated,  are  waahed  away. 

Iti  1  Banca,  in  the  eastern  Archipelago,  large  quanti* 

tioi  of  tio  oru  are  thus  obtained,  and  the  extent  to  which  such 
merfttions  are  carried  on  may  be  imagined,  when  it  is  mentioned 
that  an  mueh  as  3500  tons  of  this  metal  have  been  annuaUy  exported 
frnm  that  inland-  The  Htanniferous  gravels  of  Corowall  are  seldom 
fotmd  immediately  at  the  surfa4.*e  of  the  ground,  but  are  generally  j 
i^wi..*..^  cither  by  a  layer  of  other  gravel,  mixed  with  sand  and    ' 

r  by  a  certain  tliickness  of  poat     In  order  to  arrive*,  ut  1\iq 
^u^'^ix^iiDd,  tham  matters  ure  drst  iipniored,  and  the  pitAucVwe 
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gravely  which  in  moat  instances  lies  immediately  on  the  Burfa 
the  primitive  rock,  is  then  coUeeted  for  washing.     This 
obtaining  tin  is  distiiiguiaked  by  the  name  of  streaming,  and 
undertaking^  itself  receiveH   the   name   of  a  stream-ti^ork,      1 
amount  of  tin  ore  annually  obtained  by  these  meana  i^  amall  wl 
compared  with  the  quuntitv  extracted  by  mining  from  ori| 
veins  ;  but  the  ore  thus  produced  is  infinitely  more  pure,  and 
aequently  affords  a  purer  metal  than  ordinary  mine   tin* 

Enncipal  stream-works  of  Cornwall  are  situatefl  in  the  neighl 
oods  of  Bodniiu  and  St,  Austell^  where,  in  connection  wil 
mineral  deposits,  numerous  animal  and  vegetable  remains^  such 
deer-horns  and  hazel-nuts,  are  not  unfrequently  discovered. 

From  its  lon^  exposure  to  oxidising  inHuencee,  the  ores  tin 
obtained  are  perfectly  free  from  sulphur  and  arsenic,  and  for 
feason  are  exclusively  employed  in  the  preparation  of  the 
varieties  of  grain  tin.     In  other  eases  gold  m  the  virgin  state 
distribut-ed  in  small  grains  in  these  sands,  and  this  is,  in  fact,  o 
of  the  chief  sources  of  that  metal > 

The  sittog  and  washing  of  such  sands  fiimishea  to  Bi 
nearly  all   the   gold   produced    in  that   empire,  which   aii 
amounts  to  about  fifteen  thousand  pounds  weight.     HusaiAi 
obtains  by  the  same  means  an  annual  supply  of  nearly  five 
pounds  weight  of  platinum,  which  is  almost  entirely  m 
from  the  streams  flowing  from  the  AJtai  mountainji^  which 
Siberia  from  Tartarj'. 
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ABT  Opebations* — The  mineral  riches  of  a  country  arc 
' '  'iiiicovered by  attentively  obseirmg  the  fragmenta  brought 
•  •  action  of  water  firom  the  hills  into  its  valleys,;  and 
u  iii^  these  to  their  several  sources,  the  veins  from  which 
were   originally    detached,   are   in   many   instances   found. 
also  acts  in  another  way  a  very  important  part  in  the  dis- 
of  mineral  veins,  as  by  closely  eiamining  the  facea  of  thtt 
t    gullies    and    ravines,    which    intersect    a    country,    a 
meaoa   is  afibrded  of  sua  cert  aiiiiug  wliether  its  strata  are 
by  metalliferous  depoaita ;  and,  therefore,  in  ejtploring 
view  to  its  mineral  productiouj*,  no  opportunity  should  be 
observing  the  various  sections  thus  naturally  laid  bare. 
the  substance  of  a  mineral  vein  be  harder  tlian  the  rock  in 
kh  it  occurs^  the  latter  is  sometimes,  by  the  alternate  action  of 
air  and  water,  to  a  certain  extent,  gradually  removed,  wlulst  the 
Ittefe  itself  rPTiiains  as  a  sort  of  natural  hedge  across  the  country, 

A  remarkable  eiaraplc  of  this  kind  ocxjutb  at  Mouzias,  in 
llgeria,  where  several  lodes,  principally  composed  of  spathose 
iitm  and  sulphate  of  baryta,  containing  a  small  portion  of  aissemi- 
Mted  grey  copper,  trsverae  a  soft  marly  soil,  which  oflera  but  little 
nnstaDce  to  the  action  of  water.  The  rains,  therefore,  which  are 
!  ftequantly  very  heavy  in  the  country,  have  gradually  washed  away 
the  softer  clay,  anil  left  the  outcrop  of  tlie  lodes  standing 
It  a  considerable  height  above  its  suriace.  In  some  places  thesM 
lidgee  are  from  fifteen  to  twenty  feet  in  height,  and  may  be  traced 
fcf  acousiderable  distance  across  the  country,  intersectuig  in  tlielr 
all  the  different  formations  of  which  it  is  composed. 
none  of  the  above  means  of  observation  are  available,  it 
ii  neceseary  to  etamine  the  nature  of  a  district  through  the 
nediom  of  artificial  excavations.  This  is  done  by  what  is— by  tlw; 
Comtsh  miners,  called  shoading  or  eo^teamng.  Wlien  the  general 
direction  of  the  lodes  of  the  neighbourhood  has  been  ascertained 
ham  facts  elicited  during  the  working  of  other  mines  in  the  district, 
iierios  of  pita  is  sunk,  as  nearly  at  right  angles  as  possible  to  the 

Eied  run  of  the  miiwrnl  veins.      Theae  abode  pita  ate  a\wm^. 
feet/n  width,  six  in  length,  and  extend  in  depth  throu^\i  i\tfi 
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alluvial  depositB,  a  few  feet  into  tbe  subjacent  rock.  In  order  te 
avoid  tlie  chance  of  missing  any  lode  which  may  occur  in  the 
Huperficies  to  be  examined,  the  pits  are  sunk  at  regiJar  dif?, 
tjincea^  and  afterwards  united  by  gaUerie8>  which  would  Decei 
traverse  any  vein  which  might  escape  detection  by  the  Hhode 
themselves. 

If  the  direction  of  the  lodea  in  the  neighbourhood  is  not 
or  if  it  be  uncertain  whether  the  country  be  traversed  by 
deposits,  it  is  necessaTT  to  arrange  two  tfseries  of  pits  at  right 
to  each  other,  by  which  meana,  if  any  occur,  they  cannot  fail 
detected. 

AVT^ien  a  lode  has  been  discoTcredj  and  is  found  to  yield  a 
or  presents  appearances  from  which  it  may  be  inferred  likel 
prove  productive  at  a  greater  depth,  the  first  operation,  if  the 
lommtion  of  the  locality  admits  of  it,  is  usually  to  drive  an 
UveL 

This  is  a  galler}'  cut  a  little  above  the  surface  of  the 
valley,  in  such  a  way  as  to  intersect  the  lode  at  a  certain  d 
from  the  Burfece,  and  draw  the  water  from  the  higher  poi 

the  vein   oa    showii 
^^^^,^-^ -j,^^^_  fig.  67,  where  the 

*^^|||r^^^i^^j^^  a,  6,  is  traversed  bv 

»>^Vvv^^^|?^^lBfiti^r     ^^^  appearances   of 
wV*  ^"^  '*Mfc"4\^^W^^^^^^    ^^'^^  prove  fttvourabl 
\  W\  '\V\y^i  -"T^^SWI^     pi*  f^i"  »^aft  <?,/,  is 
\  \\^  \  V^V^tf'^^'v^'^^     ^^  ®^^^  "  position, 
*^W' VvV'  ^^^^ml  '  V  >\>V*^^    ^*'  "^^^  intersect  the 
vSs  \vVSv.     l.Ljt^^^^>^^^  V^      ^^  ^  proper  distance  froal 
^      v^    >N.\' '  J^jk^   '  Xv^      *^®  surface,  and  serve  afl 
■         VVV^  ')^^Mm\CS^^v      a  means,  not  only  of  «x- 
■  V^  ^^ OV^  '^F'mV    V       trocting  its minenOs,  but 

■  ^    \\  ^K-^^^mr  ""^       also  of  ascent  and  desoenl 

67.  to  the  miners  employed- 

For  this  purpose,  a  wind- 
lass or  tackle  is  mounted  on  the  shaft,  and  ia  placed  on  a  strong 
t  stage  of  wood,  and  by  the  aid  of  this  and  a  long  rope,  tvio  buckets 
or  TcihhUs  are  made  to  alternately  ascend  and  descend  in  the  pit. 
Should  the  lodo,  after  proper  examination,  be  found  to  be  pro- 
ductive of  ore,  other  shales  are  simk,  and  a  regular  series  of 
levels  driven,  In  the  first  place,  galleries  wiD  be  excavated  in  the 
substances  of  the  vein  itself  for  the  purpose  of  extracting  its  con- 
tents I  those  are,  in  the  Comish  mines,  placed  at  dis*timees  of  ten 
fathoms  from  eaoh  other,  and  arc  all  connected  with  a  shaft  through 
which  the  excavated  rock  and  Tuetai\ic  ^>TC%«kS^  tc«ffiA^Qis\fc^\folV<ft 
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Since  a  perpendjciiLur  shaft  can  only  traverse  the  lode, 

Ita^oual  plane  in  one  point,  it  beconiea  necefisary  that 

-0  levfU  should  be  connected  with   it  by  gallerieei  per- 

•o  the  plane  of  the  eeneral  run  of  the  lode.     These  are 

mfSy  and  are  nsnally  furnished  with  railways  for  the 

ix>nveyance  of  the  contents  of  the  vein  to  the  pit,  by 

are  drawn  to  the  surface. 

hen,  for  the  wore  convenient  working  of  the  mine,  or  for  the 

of  ventilation,  a  pit  ia  sunk  from  one  le\el  to  another, 

being  opened  to  the  vurface,  it  in  by  the  miners  eulJed  a 

ize,  and  is,  in  most  ca«ea^  made  to  follow  the  underlie  or  dip  of 

lode  in  which  it  is  situated, 

water  which  percolates  into  the  roine  below  the  point  at 
rh  the  adit-leyel  meets  the  shaft,  is  drawn  out  by  a  series  of 
ips  worked  either  by  water  power  or  a  steam-engine.  For  a 
time  after  a  shaft  has  been  commenced,  and  before  it  haa 
Ittained  any  considerable  depth,  the  rubbish  remored  is  conveyed 
to  the  surface  by  a  simple  windlass  moved  by  maimal  labour. 
When  the  pit  has  reached  a  more  considerable  depth,  a  contrivance) 
ttlled  a  tchim  or  ffin^  moved  by  horses,  is  conimonly  eniploved, 
although  steam  power  is  diidy  becomLng  of  more  frequent  applica- 
tkm.  In  case  of  steam  being  used,  the  drum  of  the  winding  appa- 
litoa  is  sometimes  placed  horizontally  instead  of  vertically,  aa  in 
the  common  horse  whim,  and  flat  ropes  and  bobbins  are  oflen 
employed  in  the  place  of  the  round  ropes  and  cage  used  in  the 
fotnier  caj*e.  ITieee  are  found  to  be  more  durable  and  uniform  in 
\kiear  action. 

HetHmla  of  attacking  the  Rock. — The  tools  emplo3'ed  by  tho 
miner  necessarily  var>"  according  to  the  nature  of  the  rocks  which 
lie  haa  to  traverse.  If  the  gnjund  be  moderately  8ol\,  nothing  but 
m  ordinary  pick  and  shovel  is  ysed  ;  but  if  it  is  hard,  and  is  either 
itratified,  or  contains  nimierous  fissures,  he  haa  recourse  to  steel 
wedees  or  points,  called  ^adg^  by  driving  which  into  the  crevices 
of  the  rocK,  he  ia  enabled  to  split  off  larger  portions  than  he 
ronld  be  enabled  to  detach  by  the  use  of  the  pick  done.  When 
the  ground  to  be  ait  throngh  does  not  admit  of  being  thus  broken, 
the  working  ia  effected  by  tlie  assistance  of  gunpowder. 

Before  this  agent  can  De  employed  it  is  necessary  to  bore  a  hole 
in  the  rock  for  its  reception.  Inis  is  done  by  a  bar  of  iron  furnished 
it  one  of  it«  eitremities  with  a  steel  point  armed  with  cutting  edges. 
To  use  this  instrument,  one  of  the  mmers  holds  the  sharpened  end  of 
Unbcr^r  to  the  rock,  whilst  another  hits  the  other  eitremit}'  a  heavy 
Mow  with  a  large  hammer  or  mallet.  As  the  hole  deepens,  the 
pmoa  who  holds  the  tool  turns  it  between  each  b\ov*  atooul  ^ 
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fourth  of  a  revolution,  and  bj  this  means  a  deep  hole  is  ultiu 
obtained.     The  borer  is,  during  the  operation,  fi*om  time  to  i in- 
removed  from  the  hole  in  order  to  take  away  the  broken  rock,  rind 
a  little  water  is  added  for  the  double  purpose  of  coolini^  tht  ' 
and  faeditatiiig  its  action.     When  the  hole  has  attaintvi  . 
thouglit  to  be  a  sufficient  depth,  and  whieh  nece&aarilv  varie>  ^m'^x 
the  nature  of  the  rock,  it  ia  carelully  cleaned  out  vnth  wlmt  ii 
called    a   wipe  nficl:,  and  a  proper   quantity  of   ^npowder  de- 
posited at  the  hottoin.     For  the  purpose  of  coniimng  tWs,  nnd 
thereby   giving  greater  ioree  to  the  explosion,  the  hole  ) 
filled  up  by  ramming  in  a  quantity  of  soft  schist  called  (amj 
Bmali  hole  being  left  bv  the  introduction  of  a  copper  nc^edle, 
ia  alterwarda  removecl,  to  atlbrd  means  of  exploding  the  * 
when  reouired.     The  ancient  method  uf  doing  this  was  by  a  r >v  i 
or  rush  filled  with  fine  powder,  which  was  let  down  into  the  uoiv 
and  served  aa  a  channel  for  the  spark  to  be  afterwards  conmnmi* 
cated  by  a  slow  match,  during  the  burning  of  which  the  min^^  ^'"1 
time  to  escape  out  of  reach  of  the  fragraenta  of  rock  proje*  : 
the  explosion.     Kecently,  the  rush  ha«  become  enperseded  I'V  lut 
use  of  "  Bick ford's  Patent  Safety  Fuse,"  which  itsetfnot  only  acti 
as  a  slow  match,  but  has  also  the  advantage  both  of  being  sjiferaad 
more  readily  employed,  as  with  it  the  copper  needle  ia  no  longer 
necessary,  toe  fuae  feeing  placed  in  the  hole  before  it  ia  dosed,  imd 
the  tamping  forced  in  around  it. 

When  the  rock  in  which  the  hole  is  bored  is  damp  from  th» 
tration  of  wak^r,  the  powder  in  enclosed  in  a  waterproof  bag 
being  introduced  into  the  cavity  made, 

SftniuK  ExcaTatlonn.  — When  a  sliaft  is  sunk,  or  a  gallery  escfl* 
vated  in  hard  rock,  there  will  bo  but  little  difficxdty  in  causing  it 
to  retain  its  original  fonn,  but  should  the  grouiul  be  soft^  and  con» 
sequeutly  otter ;  but  little  resistance  to  pressure,  artificial  means 
mnat  bo  emph>yed  for  its  support.  This  is  most  frequently  etfeoted 
by  pieces  of  wood,  although ,  in  some  instances,  walls  of  brick  or 
stone  are  employed  for  that  purpose.  Similar  means  are  employed 
for  the  support  of  the  various  galleries  or  levels,  and  some  of  the 
different  methods  by  which  this  is  done  may  be  understood  frfim 
th«  following  woodcuts.  Fig.  G8  represents  the  timbering  of  » 
gallery,  all  the  sides  of  which  are  supposed  to  require  support.  In 
tig.  G9,  the  floor  being  hard,  ia  not  timbered,  whilst  the  other  three 
aides  are  retained  by  strong  woodwork.  Fig.  70  represents  tho 
method  of  securing  a  gallerj^,  of  which  two  sides  oidy  require  sup 
port;  and  lig.  71  shows  the  way  in  whicli  a  level  with  an  insecure 
roof  is  sustained.  WTien  stone  is  employed  for  this  purpose  in 
the  place  of  wood,  the  roof  is  commonly  arched,  but  should  the 
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Hoor  aim  require  support,  an  elliptical  form  is,  in  most  iustancea, 
pircCerred. 


70, 


71. 


Bxtrmction  of  Mineral  Ores. — The  ores  existing  in  a  vein  are, 
to  a  certain  eitent^  extracted  in  cuttiugf  the  longitudinal  galleriea. 
or  levels  excavated  in  its  plane,  but  aa  these  are  plflced  afc' 
considerable  distances  from  each  other,  the  ore  thus  raised 
f/.nrm  but  a  very  inconsiderable  part  of  the  contents  of  the 
In  order^  therefore,  to  obtain  tho  minerals  bet^'een  the 
.,,.;  .rni  Icreli,  the  ore  is  worked  out,  and  the  space  afler- 
viordd  filled  in  with  rubbish  ariemg  from   the  other  oneTt^Juoiia 


uurrSG. 


higher  level  to  a  lower,  the 


gf  the  mine,  fig.  72.    When  this  is  done  by  descending  fro 

operation  is  Vailed  gfvping^  h\ 
the  excavation  commences  at  aldwer 
level,  and  is  to  terminate  at  a  higher, 
the  opening  is  called  a  rue. 


The  following  woodcut  of  Huel 
Crofty  Copper  Mine  in  Cornwall 
fig.  73»  will  serve  to  give  a  general 
idea  of  mimng  operations.  The  per- 
pendicular excavations  show  the 
difibreiit  shafta  and  winzes ;  and  the 
portions  shaded  blaek  represent  those 
parts  of  the  lode  which  have  been 
entirely  removed.  In  this  mine,  ns 
in  the  generality  of  tho&e  worked  in 
Cornwall,  the  levels  are  excavated  at 
distances  of  ten  fathoms  from  each  other,  m  by  this  arrangement 
the  ventilation  of  the  workings  is  not  only  well  maintained,  but 
every  facility  at  the  same  time  afforded  for  the  rt^mo\Til  of  the  oiti, 
and  its  subsequent  transmission  through  the  perpendicular 
to  the  dressing-floors. 


I 
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Meetimntral  Prepmmtloii.'^Oii  reaching  the  surface,  the  area 
broken  by  large  hammersj  and  divided  into  classes  according  to  their 
relative  richness  in  metal,  whilst  the  unproductive  portions  are  picked 
out  and  rejected.  Pew  ores  contain  so  large  an  amount  of  metal  as 
to  render  their  concentration  by  mechanical  means  unneceaaaiy^ 


■ 
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C?rttBlit«ir. — In  order  to  reduce  the  frag^ments  of  mineral 
!,  and  partieularlv  those  of  copper,  to  the  proper  size,  for  their 
4uciit  meohamcal  conceutfittion,  larjE^  cylinders  of  cast  iroii, 
L!  in  contraiy   directiona,  are  frequently   employed*     This 

ut  is  represented  in  fig.  74,  in  which  a.  b.  are  the  crual 
...  ri  set  in  motion  by  steam  or  water  power :  a,  b,  d,  c,  re-' 


nt  8  strong  framinej  of  cast  iron  firmlv  seeured 
•  wooden  frame-work  by  screw  bolts.     iThe  bcar- 
togs  K.  t,  of  the  rollers  a.  b.  are  soamiugedna  to  slide 
in  griKiree,  and  consequently  admit  of  the  cylinders  being  either  ad- 
vnQccd  closer  together,  or  separated  at  a  greater  distance.  To  prevent 
Accidjeuta  from  the  passfige  of  large  pieces  of  stone  too  hard  to  be 
broken^  a  certain  edisticity  is  given  to  the  apparatiig  by  meana  of 
the  lever  B,  which  by  a  sliding  bar,  and  the  shoulder  e,  con&tantly 
1*  til  in  to  keep  the  surfaces  of  the  two  grinding  cylinders  in  con- 
t»et,  since  its  other  extremity  it»  loaded  with  a  heavy  weight  w. 
The  ore  to  be  crushed  is  allowed  to  fall  gradually  between  the  two 
'*  '  ha  hopper,  and  the  weight,  w,  so  adjusted  a**  to  suit 

f  the  mineral  to  be  broken.     On  passing  through 
the'  crushed  ores  fall  into  the  higher  extremity  of  an 
\  linder  of  coarse  wire  gauze.     This  beuig  set  in  motion 
I  iio  power  as  the  rollers  themselves,  divides  the  pulverised 

y  *f}  U\o  chissee,  the  one  passing  through  the  niesbes  of  the 

'ing  on  the  floor,  whilst  the  other,  which  is  too  large 
')  the  apertures,  is  carried  out  at  the  lower  end  of 
licre  it  tails  iul*>  tht;  buckets  of  an  endless  chain,  bjT 
till  brought  to  the  level  of  ti»e  mill  to  be  re-crushed. 
>;.«mplDv. — Mnny  minerals,   and   cbpecially  the   ores   of  tin, 
>  '  t*  I  icing  crushed  by  rollers  as  above  described,  are  pounded 
fmgtncnt«  by  large  pestles,  moved  either  by  water  or 
T-      The  arrangement  by  which  this  is  effected  is  called 
1 1,   and  is  represented  in  llg.  76,   where  a  steam* 
'  juotion  to  nij  nx)e  not  seen  in  the  dra%viiu:»,  w\uc\\  \6 
tVi  a  Horitm  of  cmna  nrrangvd  in  HpiraU  anvuud  \l&  ot- 
'""''  '^   """'''«  ^<^«^«  ore  so  attacWd  Uj  ^at^© 
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masses  of  cast  iron,  tliat  wbeu  raised  by  cams  fitted  in  the  axli^ 
and  correspondinjEf  tonnes  on  the  lifters,  they  fall  on  the  ruiiiend 
placed  beneath  them,  and  thus  by  repeated  blows  reduce  it  to  a 
fine  powder.  The  cams  are  so  arranged  on  the  spiral,  that 
lifter  shall  give  three  blows  during  each  revolution,  and  i 


^^^imff^'jr,-^Tf/f  7fr^^>n 
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lifter  has  been  released  from  the  cam,  and  begins  to  fall, 
second  cam  in  the  seriea  comes  in  contact  with  the  tongur  of 
the  next  lifter,  and  so  on  until  eaeh  haa  in  »m:eesaion  stnick  a 
blow,  when  the  firet  lifter  is  again  caught  by  the  first  ea^n  biddng^ 
iug  tu  the  eet'ond  syutem  on  the  axle,  when  another  series  of  bbjifu 
is  dejilt  by  the  moveable  pestles.  The  lower  portion  of  this  M^ 
rajigeuient,  \^here  the  ij-on  heads  come  in  contact  with  the  minernl 
tu  be  broken,  i»  eucloned  in  a  large  wm>den  trou;^h  tihuwn  in  the 
wood-cut,  in  which  art^  openings,  and  into  tbi  -  '  '    '     nttiii^B 

made  by  punching  small  huio8  in  bheets  of  i      fty 

means  of  a  ^pout*  a  small  stream  of  water  isaJN'Wcd  t  n. 

Kfemtly   into  the  trrnrgh,  nnd   therefore,  whenever  fm  i«^ 

'  !it'rii  to  pass  th 
r!    off  by   thf 


«io  oi  tiie  rtanip  heftds,  or  pwxic*,Narw* 
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i^mtiire  of  the  mineni  to  be  Im^en,  but  thm  general  weight  k 

dOO  to  iOO  potmiLk     Id  order  to  attach  the  heads  to  the 

tKer  Bre  proi-ided  with  a  wrought  iron  shanks  which,  after 

k  '     "   lie  lifter,  is  kept  in  it*  place  by  shiiuking 

o  _  ^  of^er  the  wood.     In  some  of  the  more 

^Uiiipiiig  Uiiiifl,  both  the  ailen  and  lifter*  are  of  iroii, 

m  tliia  case  the  upper  ends  of  the  lifters  are  kept  in  their 

br  iron  colhirs,  « hikt  the  lower  are  fixed  by  keja  into  a 

ee  Dole  cMt  in  the  head. 

Wa»Uii9  mmA  CMieeatrmttva  af  •rc«. — Before  describiiig  Ihfi 

TarloiiJ^   proceesei  bv  which  this  is  effected,  it  htU  be  necfoamy 

r^tand  the  principles  upon  which  nU  these  operations  are 

Tf  we  let  fall  irotn  a  cuuaideruble  height  into  a   liquid 

f  rejjodt*,  bodies  of  rarioua  sizes,  fonns,  and  densities, 

.,^L  that  the  anjounte  of  rt^sieitatiee  which  they  will  ei- 

aoe  in  their  full  will  be  very  unequal,  and  tliat  they  will  oon- 

tlr  not  arrive  at  the  bottom  of  the  liquid  at  the  same 

'thid  tjecett^arily  produces  a  sort  of  daisific^tion  of  the 

♦       ^  -!i  bcootncft  very  evident  on  ftT'WpinJTig  the  order 

I  rjcpii^ited. 

!  r-i  iji>TaTii>?,  let  us  suppose  that  the  substances  have  the 

aud  •liirM'nfiion.s,  a-iid  that  they  differ  from  each  other  m 

.'  the  resistance  which  a  body  will  ex- 

in  aio\ !  r^h  a  liquid  uieilium  depends  entirely  on 

fiMFtn,  and  the  tixtciit  of  itis  surfiioeB,  and  is  in  no  way  affected 

ftJi  •p^fi**  jrrarity :  it  follow  b  that  all  substances  will  lose  under 

an  equal  amount  of  their  moWng  force. 

lt,  most  seuaible  in  those  substances  which 

this  power  of  movement  in  a  los»  decree  j  or^  in  other  words, 

be   proportionally  greater  in  light  bodies  than  in   those 

a    more    considerable   density.       The    former^    for    this 

tall  through  the  liquid  with  leas  rapidity  than  the  denser 

I  its,  and  must  consequently  arrive  Last  at  the  bottom ;  so 

.^.  ,ut^  deposit  will  be  composed  of  different  strata,  arranged  in 

dimi.  relation  to  their  various  densities,  the  heaviest  being  at  the 

bottum^  and  the  lightest  at  the  top  of  the  series. 

If  we  suppose,  on  the  contrary,  that  aU  the  bodies  which  fall 
UiTDugh  the  liquid  possess  simUar  forms  and  equal  specific  gravities, 
and  that  they  only  differ  from  each  other  in  point  of  volume,  it  is 
erident  that'  the  rapidity  of  motion  w  iD  be  in  proportion  to  their 
IBM,  and  the  krger  fragments  will  be  deposited  at  the  bottom  of 
tlidvesfiiel. 
Ai  w^  have  supposed  them,  on  starting,  to  have  both  the  ft&m'C 
1 V.  it  fitUows  that  the  resistance  thev  exTierV\wi^ 


^iUCSffc^  CApOi 


■  nttbroueh  the  «ater.  will  be  in  promrtum \.> \W- 
W«i6er«Zumee  of  bodies  varfacoordv-  - 
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the  cube  of  their  coiTesponding  dimensions,  whilst  the  eurfiicc* 
only  vary  in  accordance  with  the  sqtuire  of  the  same  measiircmcntii, 
it  iolLowa  that  the  force  of  inovcmcDt  anlmatiBg  thein  is  rtrgolAtiHl 
by  their  cub^s,  </*,  whilst  their  reaistance  13  in  proportion  to  their 
equares,  d'^y  showing  that  tlie  size  of  a  body  augmeuta  itti  descc»iid» 
ing  force  with  much  greater  rapidity  than  the  resistance  offered  by 
its  surfaces. 

If,  bstly,  we  imag;ine  that  all  the  fragments  have  the  aama 
volume  ani  density,  but  are  of  various  forms,  it  follows  that  thoae 
which  poasesd  the  largeat  amount  of  surfiice  will  arrive  at  th€» 
bottom  hi8t,  and  consequently  the  upper  part  of  the  deposit  will 
confiist  of  the  IhinDest  fragments. 

It  is  evidently^  then,  of  the  greatest  importance  that  the 
grains  of  ore  which  are  to  be  concentrated  by  washing  should  be 
aa  nearly  as  possible  of  the  same  size,  as  otherwise  the  snudier 
surface  of  one  fragment  in  proportion  to  its  weight,  will  in  a 
measure  compensate  for  the  greater  density  of  another  ijrain,  and 
thus  cause  it  to  assume  a  position  in  the  series  to  which  by  iu 
constitution  it  is  not  entitled. 

This  difiiculty  is  constantly  found  to  occur  in  nractioe^  and  in 
order  to  obvdate  it  as  much  as  poHsible,  care  is  taten  to  sepanitf 
by  the  use  of  sieves,  into  distinct  parcels,  the  fraginenta  which 
have  nearly  the  same  size.  Although,  however,  the  gruius  of  ore 
may  in  this  way  be  to  a  certain  eitcnt  classified  acconiinL'  10  thtfir 
reepective  dimensions,  it  is  impossible  by  any  mechauic;i  >ce 

to  regulate  their  forms,  wliich  must  in  a  great  degn-        ,  on 

the  natural  cleavages  of  the  substances  operated  on,  and  tlicretbre 
this  circumstance  must  always  in  some  degree  affect  itic  results 
obtained. 

Each  of  the  broken  fragments  of  ore  must  necetisar-lv  k  .l..r»«  ^ 
one  of  the  three  tbllowuig  classes: — The  ftrst  v1m»  con  >*ii 

which  are  composed  of  the  minenil  sought,  without  an*  aunu_\Cuir 
of  earthy  matter.  The  second  will  comprehend  all  the  fru^^ment* 
which  are  made  up  of  a  mixture  of  minend  ore  and  farthy  maltcr*; 
whilst  the  tliird  division  may  be  entirely  compo^rd  of  earthv 
Ejangue  without  any  ftdmistui'c  of  the  mctjdlic  ore.  B_. 
washing,  these  three  classea  should  be  entirely  seponit 
other.  The  firat  will  form  the  luwer  strattun,  ani 
fragments  follow  next  in  succession,  whilst  the  ; 
portion  ia  de[>osit<Ml  im  the  two  other  layers. 

flleve-wiuiiiliiRr  nr  JiipirtiiK. — The  iragmetittt  of  ore 
paascd  through  the  crushing-rollers,  bejure  descr' ' 
traicd  by  bt  inn  jTi'ired  or  washed  in  (rieves  so  ;i 
at  tht'  nuUi I  .  3  to  arrange  itself  iu  ftccordaiu 

ilivsdtud  »fn  i  ty. 

Mjuta  9i«%ei. — itio  *mo»i  ancient  aa^  «^^mv)^m  cA 
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thia  ift  by  ih©  liand  sieve.  This  conaists  of  a  sieve  matk*  of  per- 
"  sheet  cop|)er,  which,  after  being  partially  filled  by  the  work- 
with  the  iiiiiieral  to  be  washed,  is  plai-ed  in  a  large  tub  of 
r,  where  he  g^ivea  to  it  a  sort  of  undulatory  motion,  wliich 
mi^«  the  richer  portions  to  accumidate  at  the  bottom,  and  the 
»  «ms  to  nsi*  on  the  surface.     .4i^er  a  time  he  withdraws 

;  from  the  water,  and  whilst  it  is  resting  on  the  edge  of  the 

tub.  Mvrii[»e»  off  with  a  piece  of  thin  iron,  the  particles  thrown  on 
the  top.  Tiiis  is  followed  by  a  second  washing  and  scraping, 
wd  when  the  whole  of  the  ab^♦ullltely  worthless  matter  is  remove 
thoae  ptjrtions  which  are  scraped  from  the  surface  are,  instead  \ 
Krjii^  thrown  away,  coUected  in  a  heap  for  subsequent  treatineut 
vKWiUt  that  which  is  at  the  bottom  is  considered  sufficiently  pure 
for  tnetuilurgical  treatment.      ' 

On  the  Continent,  these  sieves  have  been  almost  entirely  super*' 
Keded  by  the  simple  contrivance  shown  in  fig.  76,  in  which  c 
re|ire«eata  the  table  on  which  the  mineral  to  be  waalied  is  placed. 

A.  ia  a  hirgo  tub  of 
wat^r  in  which  the 
sieve  e  is  snspeniled 
by  tlie  iron  rod  i>,  set 
in  motion  hy  means  of 
the  arrange rnunt  i,  f, 
a,  suspended  at  u,and 
having  at  the  extTe- 
mity  o,a  box  for  there* 
ception  of  small  stcmes 
to  De  used  for  the  pur- 
pose of  coimterpoising 
the  weight  of  the 
sieve  and  seveml  fit- 
tings. By  moving  the 
rod  1  sUding  in  b,  the 
workman  gives  the  re- 
quired motion  to  the 
sieve,  and  when  its  con- 
tents have  been  suffi- 
ciently washed,  he  re- 
moves them  by  the 
same  means  as  when 
the  hand  sieve  is  em- 
ployed. 
A  nearly  »imilar  method  was  formerly  employed  in  the  ronnsb 
IDHi  f  '     ig  and  clasj^ifying  tlie  crui^lted  ores  of  cop\HT,b^ 

mow  elective  appiitutus  hfls  come  iulo 


MECILLyiCAL  PREPABATIOK- 

lise.    TMs  consigta  of  a  large  box  covered  with  a  tight 
floor,  in  the  eeutre  of  wSlch  it*  a  circular  metallic  trough  pL^rfq 
mted  with  six  holeSj  each  about  two  feet  in  diiuneter,  and  into 
these  openings  a  sieve  is  closely  fitted,     A  lai'^e  piston  iMirking  i] 
a  cylinder  placed  in  the  centre  of  this  arrunf^tuiciit,  and  which 
moved  by  an  eccentric  driven  either  by  water  or  steuni  power, 
made  to  alternately  raise  and  depress  the  level  of  the  water  in  th 
boi  aod  consequently  also   in  the  sieves,  which  are   tixed  ^atcj 
tight  into  the  ringjs  on  the  top  of  it.    By  thia  motion  u(  the  wj 
t!»e  particles  of  ininend  contained  in  the  sieves  are  made  to  m 
themselves  according  to  tlveir  sjevend  densitie»,  aiul  when  it 
HeceB&ary  to  remove  a  sieve  from  its  place,  fur  the   pi 
scrapmg  off  the  less  viduable  and  lighter  portion  of  its  oont 
its  place  is  supplied  by  another,  which  is  kept  ready  tilled  to 
the  same  ring  when  required. 

Of  the  portions  which  are  scraped  off  from  the  surface  of 
sieve,  the  lightest  contains  little  or  no  metalUc  ore.  and  is 
Bway;   but  the  second,  consisting  r>f  a  mixture  of  gangu^j 
metalliferous  fiubatancea,  together  with  the  finely  divided  dust 
passes  through  the  holes  of  the  sieves,  is  aeni  to  the  stanii>ing  mil 
whei'e  it  is  reduced  to  the  iftate  of  a  much  finer  powder,  by  whi< 
treatitient  j^ater  facibties  are   otlered   for   its   sepanitiim  fr 
thy  inipuiities.     When  the  ores  are  not  stamped  dry,  the  wat< 

id  work  (fine  sand)  escaping  through  the  gniliugs  of  the  machiu 
are  condncted  into  a  sort  of  reservoir  where  the  heavier  partiri^ 
are  tirMt  deposited,  and  the  poor  and  eonsei^ucntly  Ughlvr 
ai'e  removed  to  a  greater  distance.  By  this  process  a  a 
classification  of  the  work  is  effected,  as  those  portions  wliici 
been  carried  by  the  force  of  the  water  bt^oud  a  given  poii 
collected  in  a  separate  basin  from  those  winch  have  not  arrii 
far  from  the  stamping  nnlL 

Tlie  methods   of  washing  and  preparing  mctjilliferous  foan 
varies  according  to  the  natiu^  of  the  minerals  treate*].  and  all 
depend  in  some  meastnt?  on  the  locah'ties  in  which  they  an^  nd 
as  the  same  ores  jire  frequently  managed  very  differently,  and 
each  method  nmy  aflbrd  equally  good  results.     It    '-    '  "v< 
necesHary  to  observe,  that  mjuiy  minerals,  and  pii 
ores  of  tin,  are  found  so  disseminated  in  the  veins  m  Atuiii; 
Dcenr,  that  it  is  neeesaan'  to  reduce  them  at  once  under  thf 
ing  mill,  since,  if  the  crushing  roHers  wei'  d  to  Jiti 

case   of  the  copper  ores,  it  would  be  in  to  free 

'  1  other  imi 
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fif  Ik*  mineral  treated,  and  also  varies  sccording  to  the  locality  in 
happens  to  be  situated-     On  the  couthient,  the 
chiefly  efleeted  in  thrt?e  different  kinda  of  appar 
-the    (ierman   chest,   "aiisae  a  tombeau  i"    the  sleeping 
•'table  dormante,'*  and  the  percussion  table,  or  "table  i 

Orman  Chett  consists  of  a  long  box  placed  in  a  altghtly 

i,  and  ha\in|;  in  iti*  lower  end  a  seriett  of  bolen, 

-n  pegs.      At  its  higher  eitrtunity  in  phiced  a  ftort 

lattorm,  on  which  the  Hubatance  to  be  waahed  ia  depo- 

4>n  thia  a  small  stream  of  water  ift  allowed  to  play. 

By  tills;   arraui^ement    the   finer    portions    of  the   mineral    aro 

?d  utf  in  suspension  in  the  water,  and  are  deposited  at  dia- 

fiptim  the  head  of  the  pit  w  hich  vary  in  aecordance  with  their 

^cral  apecifie  ijravitiee.    \V1*en  the  body  of  the  cbest  liaa  become 

yi  of  water,  the  streaiu  on  the  platform  at  its  head  is  turned  off, 

«n(l  one  of  the  jx*g8  in  the  lower  extremity  being  withdrawn,  the 

rater,  ajid  lighter  i>article8  which  it  holds  in  suspension,  are  drawn 

off  irjro  reservoirs,  where  the  »olid  matter  is  allowed  to  subside. 

Aa  the  cheat  gradually  becomes  filled  with   the  deposited  sand,  a 

hi^ber  peg  is  removed,  and  finally,  when  the  pit  is  entirely  filled 

tith  the  ore,  the  uppermost  peg  is  alone  withdruwTi*     The  matters 

depo^^ited  in  this  way  ore  divided  into  three  claitses.     The  first 

aud  luimest  is  situated  nearest  to  the  head  of  tbe  pit,  and  consists 

of  thL*  niineral  so  fiur  concentrated  as  to  be   frequently  fit   for 

mitHinir   without   further  preparation.      The   second   and  third 

p  hich  ai-e  mucli  less  rich,  are  reserved  for  further  treat- 

rjH  '  f  by  the  percussion  table,  the  sleeping  table,  or  by  a 

fftirjiid  washiiit;  in  the  German  che^it. 

SlrrplitK^  Taifiei*,  which  art?  also  ctdlcd  twin  tables  from  being 

commonly  assficiated  in  pairs,  consist  of  two  inclined  pknea  a,  b, 

fj'"    77,   varyiuff  from  twenty  Ui  twenty-five  feet  in  length,  and 

d  with  i-aised  sides  for  the  puq>ose  of  retaining  the  water 

^. ... ..  rons  over  their  surface. 

At  tlie  upper  end  A^  of  these  tables,  ia  placed  a  triangular  plane, 

.,  i:  .u  ijjjg  ^  much  greater  inclination  than  tlie  surtaces  of  the 

!  hemselves.     At  the  apex  is  an  opening  by  which  the  water 

lolds  the  mineral  to  be  wanhed  in  suspension,  faDs  on  the 

1   plane:    and  below  this,  at  tht^  head- hoard  of  the  table, 

arv  piaoed  numerous  triangular  pieces  of  w^ood  so  disposed  as  to 

canuiie  a  uniform  flow  of  water  over  all  its  surface.     The  mineral  to 

hv  w.iftbed  is   placed  in  a  small  trouij^h  c\  into  which  a  stream  of 

watrr  is  constantly  made  to  flow.      Here  the  pounded  ore  is  con- 

tiauaily  agitated  by  the  arms  of  a  stirrer^  set  in  motion  \)y  a  UiQ^ 
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water-wlieel  d,  worked  by  a  Btream  of  water  flowing  througK  the 
channel  ee\ 

By  this  apparatus,  the  mineral  ia  stirred  up  with  the  water,  and 
entering  on  thu  head  of  the  table  through  the  aperture  ttt  A,  flowi 


to  a  fjreater  or  less  distance  down  the  inclined  plane.     As  th^ 
wooden  head  of  t  hi:?*  armni^emeut  is  very  much  inehned,DO  deposit  I 
can  take  place  upon  it,  and  consequently  the  whole  of  it  j^iie?  on  to 
the   table   itseU',  where   the  richer  portions  remain  iieai** 
trian^dar  platform  ;    wliilst  the  poorer  parts  are  either  <i 
further  dowTi,  or  are  carried  by  the  force  of  the  stream i  .i, 
canalti,  f,  f',  by  which  they  are  conducted  into  other  b/uiiiis 
they  are  fdlowed  to  settle.      When  the  table  hsa  become  ron 
with  a  certain  4 uaulity  of  matt-er,  the  workman  prevents  iJie  nrrivi 
of  any  fresli  ore  at  the  top  of  the  platform,  and  begin»  to  i*wi 
roeans  of  a  small  bmom  the  minend  from  tht^  lower  end 
inclined  plane  towards  the  higher.      This  openition  I 
at  the  point  g  ;    and  as  a  stream  of  pure  water  is  nr 
flow  over  the  table,  a  still  further  pnrilicution  ie  iLoa  tlU 
since  the  poorer  parti  dee  which  may  \\n\^   hrcome  a4;eidei 
entimgled  with  the  heavier  portions  an  '  toatixi. 

When  the  mineral  is  considered  si  pure    n  vn\ 

oneued  at  the  point  ^ ;  imd  the   contents  mI*  the  tii' 
through  the  opening  into  hutches  placed  bcnenth  fir 
The  valve  is  then  closcil,  and  the  opcnitini 
nnrtion  of  ore.  which,  like  the  former.  \s  1 


laced  for  that  jiurpofte  beneath  I 


purp 

. ...iV  uv  most  lUfitaucei! 
bo<uc»el     The  inclluation 


be 


given 


convey tu 
tablea 


rinci  fn»m  wl 
U)    till    i 


of  tbiakiii* 
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Hb  nature  of  tlie  work  t^i  be  treat<?d,  If  this  be  extremeljr 
the  mclination  ia  snmll,  but  if  it  be  in  the  form  of  a  c<mr»e 
IcT,  the  planes  on  which  it  is  wnshed  ore  made  to  take  a  more 
W  dip. 
PcreuMkiii  Table,  fig.  78,  consistB  of  a  wooden  flooring  a,  b, 
in  strong  wooden  «lceper8  for  the  purpose  of  imparting  to  it 


Jcon^iinntbie  dc^ee  of  weight  and  solidity.  This  is  suspended  by 
Wclminaor  arti<!tjlated  irou-rod«  a  A,  a  1%  c  d,  tf  d* :  of  these  the 
•i^  former,  a  6,  a"  h\  are  fixed  to  an  immoveable  wooden  frame- 
"•^fk,  wKilBt  the  two  latter  are  attached  to  a  long  forked  lever  o,  c, 
"II  the  c<-^ntre9  <*,  e\  and  capable  of  beins^  raiBed  or  depressed 
plneed  in  the  holes  of  the  upright  /,  /'.  This  arrange- 
the  means  of  varying  the  inclination  of  the  table  a,  b, 
M-ntly  of  adapting  it  for  washing  ores  of  different 
•1"  hueneae. 
i\le  n  d'  set  in  motion  by  a  water-wheel,  i«  provided  with 
g  ^  g^*  acting  on  the  wooden  lever  E,  connected  with  the 
table  A  B,  which  it  first  pushes  back,  and  then  allows  to 
II  with  considerable  force  against  two  wooden  stops  arranged  for 

IriA*   III   rTiii'ji"' 

1  of  the  suspended  platform  a  T5,i8  placed  a  triangidap 
•unijar  to  that  employed  in  the  sloping  table  just  described, 
~  icm  provided  with  triangular  pieces  of  wood  for  spreading 
uniformly  over  its  s^niBce. 

era]  to  bty  washed  tB  plained  in  the  troug\i  G,  w\xeTe  '\\. 
ed  W7t/j  w^terariinng  through  the  spout  n  n'.   IttVcu 


i^ 
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pasacii  on  to  the  nlutfonn  f  at  the  head  of  the  table,  and  n(\ri 
to  the  auspendea  phirie  itself,  whei'e  it  will  have  a  tendet 
arrange  itself  aecorduig  to  its  ^peeifie  gravity,  and  settle  a^s  a 
deposit  over  the  surface.      The   constant  shocks  to  which 
nrraiigement  is  exposed  has,  however,  the  etfeet  of  ngain 
ptnidiiig  the  particles  in  water,  so  that  each  atom  of  whick 
deposit  consists  has  repeated  opportunities  of  placing  itself  in  ^ 
position  corresponding  to  its  size  and  density,  and  eonset^uentlj 
Doing  separa^ted  from  the  lighter  earthy  impurities.     The«? 
are  employed  for  wikshing  the  same  kinds  of  niinendsas  the  sleej 
tables,  the  one  or  the  other  being  preferred  according  to  the 
of  the  gangiie  from  whieli  tiie  ore  lias  to  be  sepanited.    The  ii 
tion  given  to  the  swinging  table  will  depend  on  the  dcf 
fineness  to  which   the   ore  lias  been  reduced,  as  ^\ill   also 
frequency  and  force  of  the  blowB,  and  the  quantity  of  wat^r 
employed. 

In  the  mines  of  Cornwall  neither  of  these  coutrivaneee  are 

[>loyed,  and  the  concent rntion  of  the  bruised  ore  is  cliieily  elic 
)y  the  uao  of  buddies  and  racks. 


t 


79* 

The  ivickini^.iiuiiiitr,  fig.  79,  consista  ot  a  long  cistern  with* 
inclined   fhior,  vciy  similar   in   apnearanee   to  a  German   cl 
although  the  meth^jds  of  working  the  two  are  extremely  diffei 

At  the  head,  a,  of  tlitj  huddie  is  a  rectangular  head-board,  aiiL 
to  those  of  the  arrangements  last  described,  except  that  it  is 
provided  with  wat^r-guides,  as  are  the  platforms  of  the  sU 
and  pervusmon  tables  of  the  coutin^iui.  M  a,  a  eurtent  of 
BgniAtGd  by  a  wooden,  ulna,  ia  brousdi't  oii  \>xfe  Mi<^v&fti5L 
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■unenl  to  be  washed  is  pUo(H.L  Thig  Is 
cue  to  reduce  all  the  lunip$%  it  n\fly 
it  in  tlie  wmter,  whlbt  niiutUtT  boy,  who  ia 
tbf>  first,  And  consequently  luvs  morr  oxjkv 
in  tlie  pit  itself,  aud  with  a  »hAr|>-poinlrd 
and  uoU-he*  the  chjir;tj«*  »>»  the  hmtU 
m  the  ore  art^  nipidly  cfleetcfl  hy  thr 
of  the  current  of  water,  and  at  the  next 
to  give  place  to  a  quick  sueeeftsion  of  otliers, 
in  tlMtr  turn  to  disappear.  The  ore  is  thus 
tan  the  head,  x,  into  the  buddlo  itself,  b  c,  when 
of  imiDediatelj  adding  a  fre^ih  »u)»ply  oa  the 
conmieDces  to  brush  the  layer  ^\1lich  naa  formed 
of  c  to  B,  which  smooths  its  surfjiec,  aiid  not  only 
t  hmg  spread  unevenly  by  the  wnt^r  rtowint;  over  it. 
i|ju^  by  disturbing  the  particles  of  which  it  is  eonipi>sed,  causes 
themselves  nioi-e  perlectlv  in  accnnlniH't*  with  their 
The  ertcet  thu8  produced  by  uweepini:  with  ii 
rhmtsimiUr  to  that  obtained  by  the  rencattHl  shm^ka 
table,  and  the  lighter  portions,  wliieh  luv  held 
in  water,  arL*  carried  off  through  the  holet*,  c,  into 
for  their  reception.  When  the  depuyit  of  the  heavier 
UticJea  ba«  reached  the  level  of  the  lowest  hole*  and  they  couso* 
ttutijr  twfin  to  eaeapo,  the  aperture  is  atonjx'd  with  a  pVu^,  and 
e  water  and  auapended  gnngue  allowed  to  now  out  o(  that  wlneh 
UBtt  above  it  in  the  series.  As  aoon  as  the  level  of  the  deposit 
a  reached  tliia  point,  it  ia  in  its  turn  pluc^ged,  and  so  on,  until 
ff  psi,  B  c,  is  entirely  filled.  A\Tien  thii  is  the  case,  the  sand 
rociaulidated  by  making  a  seriea  of  long  cuts  with  the  shovel  in 
ion  of  its  length,  and,  when  auiBeiently  drained,  the 
are  divided  into  three  claaaea,  aa  shown  bv  the  linea  e/, 
the»e,  that  which  is  nearest  to  the  head  of  the  pit  h 
[y  the  richest  in  ore,  and  is  frequently  sufficiently  pure 

^^u^po8es  of  the  smelter.  The  second  (livisiou  is  usually 
e  to  he  apfaiu  huddled,  whilst  the  third  portion,  which  c<;>n* 
the  finer  and  poorer  particles,  ia  treated  on  the  rack-frame, 
be  described. 

■Ack^  fig.  80,  consists  of  a  »mm>th  wooden  flooring  r, 
Jed  on  the  under  side  of  a  strong  fi*aming,  y  j^,  suspended  in  a 
*^    inclined  position  by  the  pivots,  p  p',  and  havin^j  a  head-''  ~~* 
to   that  of  the  huddle.      In  order  to  admit  of  ti 
^le  on  its  axes,  it  is  not  attached  to  the  head,  n,  but  the 
carried  from  the  higher  to  the  lower  level,  by  a  tta^  r, 
iher  hinges,  and  which  adniiU  of  being  eaailv  — *^ 
■  itselfis  made  to  move  on  jtd  pivots. 
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To  use  this  table  the  ore  to  be  washed  is  placed  on  H» 
a  stream  of  water  admitted  through  an  aperture,  portiallT  stoj 

AW 


^w 


80. 

by  a  wooden  plug.     The  poxinded  mineral  is  then   alternate^] 
furrowed  and  flattened,  as  in  the  ease  of  the  huddle;   hut  UM 
steud  of  this   being  done  by  a  shovel,  a  wooden   hoe  is  usrfj 
for   that  purpose*      A  Her  tivn  or  three  successive  charges 
in  thia  way  been  transferred  Irom  the  upper  ledge  to  the  loi 
table,  F,  whieh  ha»   a   slight   bicUimtioii,  the   deposit    is 
by  the  wooden    rake   ttiwards   the   most   elevated    part  of 
floor,  a  sheet  of  clean  water  being  at  the  same  time  eondi 
over  its   sui-faee.     By  this  tix-atnient,   and   suecessive   washM 
wth  a  small   heath-hroom,  the   particles  of  ore   are  ultiiuati 
separated  from  the  lighter  earthy  impurities,  which  are  cuirit 
by  the  water  to  the  bottom  of  the  rack,  where  they  escape  thrOT 
the  opening  into  reaentjirs  prepared  for  tlieir  reception, 

M' lien  a  .siifliricnt  laver  of  mineral  has  by  this  manipnli 
been  collected  on  the  tatle,  it  is  made  to  take  a  quarter  revoh 
on  its  axes,  and,  when  in  a  vertical  position,  is  caught  by  a 
spring,  which  holds  it  firmly  in  that  situation. 

The  person  working  the  frame  now  washes  off  the  ore  byJ 
use  of  a  wooden  bowl  with  a  long  handle,  which  causes  it  till 
first  into  the  angle  formed  by  the  meeting  of  the  side,  jy,  an< 
floor,  r,  and  ultimately  intu  h^-  ■    •  '  ■  rd  beneath  for  its  rec( 
In  thiSf  as  in  the  Tjrecediiii:  <  v\\e  n^W'T  w^  ^\V\  W  fuui 
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w?i«li»tl  ore  ifl  divided  iuto  two  parts,  each  of  which  ia\k 

•Qt  receptacle. 

I .  .    ,  , , .  .ion  ii*  made  by  a  fillet,  placed  on  the  side  of  the  rack  at 

it  equftl  distances  from  its  two  extremities,  and  which,  when 

>lane  is  lirought  in  a  proper  position  for  washing  off  the  depo- 

mriiiUifeTouH  grains,  fonus  a  dam,  and  cuusee  that  which  is 

isiU'd  on  the  upper  part  of  the  floor  to  fall  into  one  box,  or 

whikt   that  which   is    deposited   on   the    lower  falls  into 


Ian 


Y  other  methods  are  employed  in  yarious  parta  of  the  world 

u»hing  diflerent  kinds  of  ort?s,  but  in  all  ca*es  the  purification 

da  on  similar  priiKiplvf*,  and  the  prwesijeH  are  only  varied  to 

»ome  pcculiarit)  of  the  inintnd*  operuted  on.    The  mechanical 

aration  of  minrnd  »iib»t;nirc3  is.  however,  a  very  ti-diouH  and 

te  operation,  and  one  that  requires  considerable  skill  and 

ncf ,  ns  n  pnwesH  whicli  n>ay  prrfci^tly  succeed  with  an  ore 

ill  not  be  found  to  yield  satisfactory  results  in 

i,  as  the  natun*  of  the  gangue  with  \Nhich  it  is  a»so- 

d  iw  stilts  of  act,'rogation,  will  be  found  to  materially 

tin-  results  obtained. 
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With  but  few  exceptions  the  operations  employed  for  tbe  e 
tion  of  the  metals  from  their  oix^s  require  the  aid  of  very  el»'vatt 
temperatures,  and  consequently  it  is  important  that  the  mcti 
gist  eliould  be  fully  neqiwiiited  with  the  ditferent  properties  o 
various  kinda  of  fuels,  uad  be  thereby  eiiahled  to  judf^e  uuder 
eircunistaucea  they  may  each  be  lunst  eeouomically  employed- 

Wofiii. — The  roots,  trunks,  aud  brauehes   of  trees  are 
wood.     Ordinary  wood  eousista  of  three  dijstiuct  portionu,- 
/ihre  (composed  of  eurhon,  liydrojo^en,  aud  oxygen),  the  conati 
of  the  9ap  and  water.     Recently  felled  timber  contains  all 
of  these  ingredients,  b«t  loses  a  large  pmpurtion  of  it^  w 
expomire  to  the  air.      The  relative  proportion  of  these  in 
difters  in  the  various  kinds  of  woods,  aud  is  also   cousjid 
affected  by  the  seasons  of  the  year  at  which  the  different 
mens  are  felled.     When  trees  are  cut  during  the  winter  mo] 
aud  tlierefon^  not  in  a  state  of  active  \egetution,  this  propo 
is  found  to  be  less  than  if  felled  in  the  f^unmier  when  full  of 
and  consequently  all  wood  should  (uidetis  prevented  from 
special  cause)  be  felled  during  the  colder  portion  of  the  vear. 

Some  kinds   of  trees  are  cultivated,  not  only  for  the 
which  t!»ey  yield,,  but  also  on  account  of  the  tannin  eontaiui 
their  barks ;   and  such  apeciea  are  usually  cut  dui'ing  tlie  fl< 
the  sap,  ns  they  are  at  that  time  more  easLly  barked,  and  Uki 
contain  a  larger  proportion  of  the  compound,  on  account  of  w' 
their  bark  ia  collected. 

The  small  ahoota  and  twigs  yield  a  larger  per  centage  of  wfttoP 
than  the  moi'e  solid  stem^  aud  the  difference  is  also  verj*  con» 
siderable  in  many  woods  of  alike  nature,  but  of  different  botanical 
speciea,  as  may  be  observed  by  inspection  of  the  following  nuni" 
bera,  given  by  Schiibler  aud  Hartig. 

100  parts  of  fresh  cut  wnod,  from  the 

wad  tervioe  tree(Oriitiu$g,  tormi- 

niilis) »•» 

27.0  j  Oak  (Querc.  rt.t)ur>      .     .     .     .  MT 
28-3   I    I\'hIi,1..  nnV  (O  n,>.liiru'uUi..i        a5-l 


260 


WATStt, 

Hombe«m  (Carp.  betoL)  oontoin  IB'6 
Willow  (Snl.  cnpiva)    .     .    , 
Sycanion?  (Ac.  pscudopliit.)   . 
fountain  an!)  (Sort),  ftucupar.] 
Aah  (Fraiin  «tcobior)       ,     . 
SinJj  (BetuiB  ulba) 


WOOD. 
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(P.  fylreftcr  L.)  oootain   .  397  Lime  tree  (Tilia  eiiropiBa)     -    »  471 

IBwrh  (Fngus  Bylvnt.)    .    .  89-7  Italian  Poplar  (Pop.  diljitat.)     .  482 

[Bcttil.  ^\nm}     .     ,     .     .  41'(>      Larch  (Pin,  larix) 486 

4a-7  White  Poplar  (Pop.  albn)      .     .  60-6 

4-V5  I  Blat^k  Poplar  (Pop.  nigrtij     .     .  61'8 

(i'.  ]ii't.Ni.  aiir;      .      .     .  45'2  | 

ibiTf'fore  fiiUows  tLat  recently  cut  wood  contains  from  one- 

to  one-half  ita  weight  of  water,  which  wou!tl  not  only  Uetract 

it«  Talue  as  a  fuel,  in  the  game  proportion,  but,  from  it* 

ing  in  the  form  of  vapour,  must,  niorfuver,  carry  uif  a  part 

e  beat  developed  by  the  combustion  of  the  other  elements. 

hr  exposure  to  the  air  green  wood  sdou  loses  a  portion  of  its 

but  after  a  time  it  ceases  to  dlmuiiah  in  weight,  «,«  n  sort  of 

brium  i*  eBtabliahed  between  tbe  bygroseopic  powder  of  tbe 

and  liiat  of  the  wt)od  it»elf.     AVhen  this  occiira  no  further 

IDg  \B  efleeted  by  continued  exposure,  and  ita  per-centage  of 

will  only  vary  within  very  narrow  Umitj*,  dependent  on  the 

or  humidity  of  the  situation  in  whieh  it  is  placed, 
this  state  wood  is  said  to  be  aif-tined,  and  the  remaining 
m»  cnn  only  be  expelled  by  the  aid  of  heat,  the  last  traced 
tfif  eliminated  with  eitreme  dilHcidty. 

ount  Itumftird,  who  heated  speeimens  of  various  kinds  of  air^ 
ds  at  a  temperature  of  277°  Faht,  until  they  ceased  to 
ht,  t»btaitied  the  following  results  ■ — 

1(J0  parts  of 

Fir  wood  lost       .     .     .  17*53 

Birch 19-38 

Lime 1879 

Poplar 19-55 

speaking,  however^  the  wood  employed  for  fuel  id 
.  .       ugldy  dried,  but  retains  from  20  to  25   per  cent,  of 
so  that  the  driest  specimens  seldom  contain  more  than  80 
Iccnt.  of  combustible  matter.     Wood  several  years  old,  kept  in 
rcKim  for  six  months,  still  retains,  according  to  Winkler,  17 
icM^nt.  of  water.     Woods  are  UBuallv  di^iiled  iiito  two  classes — 
ami  m/t.   Tliia  distinction  is  founded  on  their  calorific  propejv 
and  thi'  facility  with  which  they  can  be  worked  by  edge-tools. 

fonncr,  among  whieh  are  numben*d  oak,  beech,  white  and 
birch,  elm,  and  alder,  contain  in  tlie  same  bulk  a  hirger  pro- 
m  of  fibre,  and  have  their  vessels  more  closely  packed  than 
"  the  soft<.T  varieties, — such  as  pine  fir,  white  fir,  krch, 
►w,  anil  the  various  kinds  of  poplar. 

in  ])t.H;ir  land  and  in  exposed  s\tvv^t\o^^, 
T  and  denser  wood,  than  uUvetis  (jK 
mhii>'li  hu^ti  bvmi  pknted  in  more  sheltered  \oc\!l^AX\« 


wood  lost 

IGGl 

«    «    *    • 

18*20 

* 

1S56 

le 

.     18-63 
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and  richer  sofle.  Tlie  specific  gravity  of  wood  depends  in  a  i?re«t 
meftsiire  on  its  struct  un? ;  but  as  two  specimens  of  tl*  "t*^ 

can  never  be  found  perft-ctly  lioiiiogeneouB,  the  resnlt^  Nj 

experiment  f^hould  rather  be  considered  as  opproiimativt-  .K  i  ,  - 
repre^euting  the  true  density  of  the  wood  examined  Thcj^t-  s  u  u.- 
tions  of  specific  ^mvity  will  also  be  influenced,  to  a  certain  degitv, 
by  the  UBtmv  of  the  soil  in  which  the  tree  has  grown,  as  on  this  will 
depend  in  a  great  measure  the  quantity  and  character  o£  the  salti 
which  it  contains. 

From  the  air  contained  in  their  cavities,  woods  are  in  their  ordi- 
nary state  f^eDerally  li<;hter  than  the  same  bulk  of  di&tilled  watiT; 
but  when  reduced,  by  rasping,  to  the  state  of  fine  powder,  even  the 
Boftest  varieties  are  tbuTid  to  possess  a  greater  density'  than  that 
liquid.  By  thus  destroying  the  nores,  and  liberating  the  ineloted 
air,  the  specific  gravity  of  the  following  wtM>da  was  tbimd  to  be^ 

C)ak 1  27 

Lime     .     .     .     .     113 

Fir   ,     ,     ,  .     116 

Beech    ....     129. 
In  the  following  table  the  respective  den^ties  of  the  diflleroBl 
kinds  oi'  wt^od  in  their  various  states  are  given  according  to  the 
best  authorities:— 

Specific  Gravity  of  different  kind*  qf  Wood, 


Variety  of  Wood. 


Cbminon  Oiik  {Querous  robiir)    . 
Pe<licle  Oiik  (Q.  jit'duiiiMjlaLft) 
White  Willou  fSulix  ulbu) 
Bf?ech  (FngUB  ^ylTatico) 
Elm  (rirnus  campt^stris)     . 
Hortibenn  (Carjrtnua  bcinlue) 
Lurch  (Pinus  birix)     . 
Scoto-h  Fir  (Pinus  *ylTC«trii) 
Sycamore  (Awr  p!*eudopUtaiiua) 
AnJi  (Fraiinufl  excelsior)     . 
Birch  (bftulfl  alba)    « 
Moiintjiiu  Ash  (Sorb,  iiucuporia) 
Fir  (Pinu»  ttbtoa,  Dtiroi)     . 
SiItpf  Fir  (Pinu»  pice*,  D.) 
Wild  Sc-rru^  (Crot.  tomunnlia)  . 
IIorB4?M-ht'sniit  (Aesculua  hipi>oc») 
A!-'--  '»'  '■'■    "-iM,)  . 
L.  .«) 

I5  i!ii?  nigm) 

A^  I    . 

Jlj..  itnlii.^) 

JChon  y 


I. 

2. 

3. 

Ret'cntly 
Filled. 

Dried  in 
Air. 

'& 

10754 

0-7075 

0G63 

lOVlH 

Otl777 

0663 

0-9859 

0-4*173 

0467 

09822 

0^5907 

0500 

0  9470 

05474 

0*518 

U-9462 

07696 

0-681 

0  9205 

0-4738 

0-441 

0  9121 

0-5502 

0^485 

OOOiMi 

0«592 

ouia 

o-9oafl 

054-10 

oin9 

0-9012 

0*6274 

0  598 

08f#93 

00440 

0  552 

0^*941 

05&&(> 

^^  i!  1/^ 

0-8699 

ONI716 

(  *    .  ■  "' 

f»  86:13 

0-5910 

0  4»  iJ 

nsnu 

(»G7'«» 

— 

0  8571 

0-5001 

OnW3  _ 

08170 

0-4390 

043M 

07795 

05606 

0^34iV 

0  7lif>4 

0'4;«^2 

0-418 

It    01«44 

,    03931 

— 

- 

\  v^aw^ 

J 
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TTh.  i>.,lmtiiia  1  aiid  2  «ive  the  densities  determined  by  lljurtig, 
:\  the  results  obtained  by  Winkler,  who  weighed  a 
.  "i  each  kind  of  wood. 

not  only  loses  weight  by  exposure  to  air,  but  at  the  same 

^^^  in  bulk;  and  in  £iome  varieties  this  takes  place  to 

one-tenth  of  its  original  volume, 

emersion  in  water,  the  soluble  and  extractive  matter 

woods   18  dissolved,  and  therefore  the  method  of 

it  by  rafts,  &»  practised  in  mme  countries,  is  not  only 

u  its  weight,  but  aUo  to  reduce  its  caloriBc  powerEi; 

fitly  the  advantages  of  cheap  transport  are  in  part 

'cd  by  the  inferiority  of  the  wood  thus  conveyed. 

iiate  analysis  of  dilierent  Idndjj  of  wood  yields  results 

J,  from  each  other ;  but  in  all  the  varieties  which  have 

•1  there  h  a  slight  excess  of  hydroj^en  over  the 

.  in  pure  woody  fibre,  they  are  combined  in  guch 

»u   ast,    by  their   uniou^  to  farm  water.     The  results   of 

and    Pctenf^en  are   given  in  tfi*?  following  table.     The 

I  kinda  of  wood  were,  in  thes«  experinieuts,  first  reduced 

ate  of  powder,  and  then  dried  at  212"  Fah.  until  they  ceased 

.  eight. 

100  Piu'ta  yielded:— 


Bpeeies  of  Wood. 


Pure  woody  fibre 
QuercuB  r*)bur 
Fnuin.  eicelsior  . 
Ae^r  eampe>*triH    . 
vlvntiL'a 
■'■Jbn       .      . 
!  ('stn!§ 

-A 


tris 


Carboo.     Hjdrogen.|    Oxygen. 


5265 
4013 
49:30 
49S0 
48*53 
48-60 
50  19 
49-70 
49-41 
4H  44 
4905 
49-59 
49*94 
50-11 


525 

607 
607 
637 
6-30 
637 
6-42 
6-31 
6-86 
6-36 
6-41 
638 
6-25 
G31 


4210 

urn 

4^457 
43-89 
4517 
4502 
43-39 
43-99 
43-73 
44-80 
4365 
44  ()2 
4:3'81 
43*58 


tiirc  and   amount   of  the   ashes   left   by  the   coinbua- 
the   various   kwuh   of  wood,  depends^  not   only  on  the 
tfttan  «r  ii^t*  examiued,  but  i^i  also,  to  a   eertatu   dc\;vvc,  *w- 
iiiaiccK^  ^»v  »Jj'^  nutare  of  the  soil  on  which  it  baa  been  ^toductt^, 
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fis  the  diffeiTTifc  morp;aiiic  siibstances  whicb  cjnter  into  t.h<»  compt^-' 
aitiou  of  ornfiiiiic  bodies  seem  to  have,  to  a  great  extent,  tli 
of  repliicin^  t''it"h  other  in  the  name  way  that  one  i^rm 
substance  may  be  substituted  for  another  without 
form  of  u  crvtitiilliue  body.      (Jeuerally  spe:ikiiig,  the  ;i 
contaiji,  besides  poliuih  or  nodn,  or  both,  linie,  magnesia,  and 
eoiubined  m  ith  eurbouie,  siJieie,  sulphuric,  and  phosphurii! 
together  with  tlie  eldoridea  of  their  nidicals. 

The  follofting  tabled  gives  the  per-centage  amount  of  &ah 
inaining  after  the  combustion  of  diiferent  varieties  of  wtH>d: — 


Fir    . 

.  O00S3 

Elder  Tree     , 

.  O'OIW 

Birch 

.  0-01  (X> 

Arbre  de  Judee 

.  O.O170 

False  Ebouv 

.  O'Ol-JS 

Oak  (branches) 

.  U-0250 

Hazel        . 

.  0-0157 

Oak  (bark)    . 

.  0  OGOO 

AVhite  Mulberry 

.  OOliJU 

Liiue  Tree 

.  lOSUO 

Bamt  Lueia 

,  O'OlijU 

Til©  diiVercut  parts  of  the  same  tree  do  not  yield  equal  pi 
tiona  of  incombustible  matter;  the  bark  and  leaves  ahvayi 
ditce  a  larger  amount  than  the  brancbea,  whilst  the  branchea 
more  than  tlie  tnnik.  Wo4>dy  plantt*  tjenerally  yield  less 
herbaeeoiiH  ones,  whieli  am  also  remarkable  for  eonlainiiig  a 
proportion  of  Hiliea  than  is  us^uallj  met  with  iu  wood  a«he». 

The  exprriiiicuts  of  Berthier  on  the  ashes  of  various  kinda 
trees  aflbrded  liim  the  following  results  : — 


TaMe  ahowing  the  Cmuposition  of  the  Ashes  of  various  TreH, 


0»k, 

I»irne  Tree, 

Cliesuut . 

Fir. 

Mulbii^ 

1 

■3 

< 

'  Carbonio  Acid    .     . 

Sulpliurif  Ai'id  .     . 

H^  drocliloric  Add', 

8iHen 

Pota*.h      .... 
Uodtt     .     *     .     .     . 

28-40 
6-9 

40 
10 

28  2 
76 
1'3 
17 

607 

18-8 
87 
0-5 
27 

693 

30  2 
31 
0-3 
10 

65-4 

8'» 
40 

62-0 
11-S 

100*0 

1000 

100-0 

100^0 

ess 

t  Berthier,  Euuii  par  la  Yoie  Seohe,  YoL  i.  p.  259, 

'  Ai'conhng  to  the  theory  nt  prewnt  r«wivo<l  among  ohprniiits,  liyi 
urid  dot«  not  combine  tliircctlT  with  the  alkaUo»,  but  chlorine  beeoiu 
%o  the  met ulUc  mclieali,  walor  at  thp  same  limo  berug   Ibnued.     Jti  tliM  uW^c 
Ubk  Uw  aueiior't  results  are  given  in  \m  oww  xroTd*. 


r  ■iTHi I  mmwm 


TVHF  AyD  PEjlX. 


Oftk. 

LimeTpae 

Cb6nnit. 

Fir,      MiilU-fry. 

f  J-  tVf^Kmac  Acid    .     • 
-tjkoric  Add     . 

•    •    • 

80*1 
70 
17 

79 
O-l 
2-9 
4'S 

898 
2-8 
20 

618 
22 
01 
0-9 

30-6 
It) 
85 

511 
38 

as 

230         iSD 
42           1-8 
80           2'9 

3»8         461 

14  1            0*5 
6  0           13 

1 

08-9 

&y-3 

WZ 

99-5         99-2 

1 

f  Turf  fuid  Prftt. — In  low  and  rooiat  ntuatioiia,  where  wat^r 
palkc'tf  and  cannot  easily  flow  off,  and  in  which  the  lo»»  bv 
ffipontioD  is  inconeitjenible,  larj^a*  swiiuip»  or  moon  are  formed^ 
mm  in  thette,  water  plaiite  of  all  khidn,  «ueh  as  iiedi^,  rii«hi*8, 
feeds,  moBi^a,  alga.%  and  even  suiall  tshruba,  grow  with  great  ra* 
,  and  tmickly  cover  the  surface  with  a  thick  layer  of  %egeta- 
Aa  wmtt-T  comes  on,  these  die  and  fall  to  the  ground,  and 
m  the  return  of  spring,  tliemselves  coveird  with  another  crop 
'  plants.  These  changea  go  on  from  year  to  year,  auu 
^  the  Dot  torn  of  the  valley  becomes  covered  with  n  thick  layer 
rgetable  matter  in  a  ver\'  loose  atat«  of  ag^n^gation.  Alter  A 
dl0<^tiipo«ition  takeM  pL'ice  in  the  niiu«H,  carbonic  acid  and 
gaa  (light  earburt^tted  hydrogen),  together  with  amali 
tiea  of  ftulpliun^'titd  liydrogen,  are  evolved,  produced  by  the 
ion  of  the  wiiiphiitett  present,  lUid  finally  the  whole  attains  a 
deriible  denatty  and  beconich  of  a  dark  earthy  colour. 

Bubstanee  it*  eidled  pfut,  and  ib  m  iiiauy  places  extensively 

yed  for  the  purpose  of  producing  heat.     There  are  but  few 

tjeti  in  which  small  quantities  of  thia  subtitance  are  not  found  j 

in  sotiio  countries,  such  as   Holland  and   North  Gerniany, 

foniiationa  eitend  over  diatricts  of  immeuae   extent,  and 

y  furnish  large  amounta  of  fuel  to  the  Yanoua  mMauhc- 

their  vicinity, 

es  the  ditfercut  deposits  of  peat  appear  to  have  taken 
•uccessive  periods,  and  in  this  case  thev  are  generally 
into  parallel  horizontal  strata  by  layers  ot  satul  gf  varioua 
ecmes.  The  layers  nearest  the  surfat-e  art*  fur  the  most  part 
mpaet,  and  of  a  lighter  colour,  than  thuBC  found  deeper  in 
ries,  and  are  made  up  of  the  roots  and  steujs  of  plants, 
although  more  or  less  dccomj>«:>s»J,  ^tiU  retain  their  urii;iu^d 

petrous  spong}'  eubstmce  IB  called   turf^  and  tteuetuWj 
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becomes  of  a  darker  colour  and  greater  detisity  aa  iU  depth  in- 
creases; finally,  it  loses  all  outward  traces  of  itd  vei^etsiblt?  origiUf 
and  is  transformed  into  a  dark  muddv  i*ub8tarice»  callod  peat. 

Peat  consists  of  turf  so  far  dccompo.Hcd  that  no  tracea  of  ita 
originid  organic  structure  remain,  and  of  which  the  fracture  haa 
become  compact,  and  in  sonu"  Instances  even  resinous.  Its  densitj 
is  also  always  greater  tluiii  that  of  the  more  recent  variety,  of 
which  a  cubic  foot,  on  an  average,  only  weighs  from  four  to  six 
pounds,  whilst  the  weight  of  the  same  bulk  of  ordinarj"  peat  v^nm 
from  twelve  to  twenty  pounds. 

The  cutting  of  peat  is  a  very  simple  operation.  After  liaring 
laid  bare  the  surface,  the  peat  is  cut  by  stjnare- pointed  shovcln 
in  the  shape  of  rectangular  blocks,  which  are  afterwards  dried 
in  the  sun,  and  subsei^uently  stacked,  either  to  be  employed 
for  nietallurgical  purjioaes,  or  to  be  used  for  ordinary  liri**^ 
In  some  instances  the  surface  of  the  gromid  is  covered  ^ith 
water,  which,  from  want  of  level,  cannot  be  drawn  off;  and 
in  such  cases  the  peat  is  collected  by  means  of  an  insCruuieDt 
called  a  huchet.  Tins  consists  of  a  stpiare-pointed  shovel  ptCK 
rided  witli  an  edge  turned  up  at  right  angles  for  the  ])nrpoae 
of  affording  a  hold  for  the  block  after  its  separation  from  th© 
mass.  To  use  this  tool,  a  man  stands  on  a  stage  nused  a  little 
above  the  snrfaco  of  the  water,  and,  having  thrn.st  th*  at 

into  the  peat,  withdraws  it,  together  with  a  smidl  cube  lU- 

bustible,  attached  by  its  adhesion  to  its  two  sides.  \V  Jieii  lh# 
depth  of  the  water  is  more  considerable,  a  larger  instrument  if 
employed,  which  is  worked  by  two  men,  and  providt^l  with  n  spring 
for  holding  the  deta<'hed  cube  of  peat  with  safficieut  tirmncss  to 
allow  of  its  being  drawn  to  the  siu-face,  where  the  spring  ia  po- 
leased  and  t!ie  charge  withdrawn. 

lu  Hullsind,  when  the  peat  has  become  too  8[M»ugy  to  !>e  fiirtlwrr 
extracted  by  the  method  above  described,  and  is  ivdueed  t..  flu-  stnt© 
of  black  mud*  it  is  obtained  by  the  use  of  a  sort  of  d  An 

of  a  sharp  steel  hoop,  to  which  is  attached  a  bng  of  cIik.   .  •^' 

which  allows  the  water  to  fluw  through,  but  retains  the  part 
peaty  matter  scraped  from  below  the  surface  of  the  wjitcr,  i  m-st- 
are  allowed  to  drain  in  wooden  troughs  of  which  the  bottoms  arts 
covered  with  straw,  and  in  which  nnmerouji  holes  are  l)on^d  for  thi! 
pnrpose  of  allowing  the  water  to  e»ca[>e.  Whrn  tlic  mass  bjui 
thii  1  n  certain  consistence,  it  is  trodden  down   bv  jiersofia 

we  a  ,c  pieces  i»f  wo<m1,  like  siiuw-ahoes.  on  th«-«ir  f<ni»t  Us 

prevLiii  thi'ir  sinking   into  it,;'     > 
the  prc;*Hun*  of  the  ff.«i»t.  if  in  Ji 
LiJitil  iivarU   all  llie  w;i  U    io    iiuW    cut 

not  ujjliktt  brivkuj  and  r  YToycr  sheds,  so  ;•. 
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BT  to  pas*  between  the  different  layers,  and  thereby 
^^ring  of  the  blocks. 

^Krh  renmin  af^er  burning  peat  are  partially  derH'ed 
te  nTispmilly  contained  in  ihe  vegetab]e«  of  whirh  It  i» 
lut  by  far  the  lar£jej<t  pr*jportion  an»e«  from  earthy 
eoiaentlv  deposited  from  tlic^  water  winch  Ht»  frt^uently 
\Mmce  of  the  moors  in  which  it  ia  nrodiu'«?d. 
^bion  of  the  a6he«t  of  peat  will  neceHMarily  be  in- 
^reat  extent  by  the  nature  of  the  soil  in  the  neigh* 
ere  it  is*  formed,  as  the  wat^^r  deticending  from  higher 
ng  heavy  rains  will  always  carry  with  it,  in  inuKpenwion, 
M  of  the  earth  of  which  they  are  composed,  and  which 
in  the  forra  of  sand  on  reaching;  the  lower  hmd», 
onuhites.  In  fact,  it  i»  constantly  obacn-ed  that  the 
i  from  a  calcawoua  district  wiQ  principally  cfmsint  of 
I  lime,  whibt  a  Bpecimen  which  haa  been  formed 
i  of  igneona  origin  yields  an  at^h  iu  which  Btli(;«Hiuii 


ta  of  peat  the  following  quantities  of  afih  have  been 


Twiety  of  Peat. 

A»h, 

Obn«»rTer»< 

b^  brownish  yellow 

1730 

U  from  Oerroont 

2«'(K) 

B(«rthicr, 

wt,  from  Burgundy 

710 

i  Herbttorous,  from  Troyea  . 

1600 

, 

^eat,  from  Ynlcftire,  near  AbbeTiUfi 

e-ds 

) 

Long  .... 

4'«l 

\  R4«gT»llulfc. 

^  from  Champ  de  Fea 

(»'35 

1 

In,  l«t  »tag«        .... 

y30 

1 

'       2d    "                  ... 

10-20 

rAchard. 

'       3d    «           .... 

11-20 

tichrfeld,  Ut  Wirt 

21-50 

\ 

2d    "                             , 

«           Sd     ** 

230 
305 

Buchhobt. 

4th   **           '.        I         ', 

3:io     1 

J 

^    - 

ia-13 

J.A.PhiUipi. 

icting  the  nsth,  Eegrnaiilt  oht 

ained  tin 

^  ffdltnvitif^  1 

HT* 

tUits  from  three  specimens  < 

»f  peat, 

iDckiticd  in  the 

OiygPTv  ftnd 

Carbon. 

llTclrnfft 

m.          N'itn»|{*»n, 

Tulcaire  .     .     .     57  08     . 

.      vym 

•      .      \MH\ 

Lon^    ....     JS09    . 

.    om 

'.UV,T 

7h^P  de  Feu  ,    57-79    . 

.     6'11 

.    .   *.uv:i 

^    ' 

—i 

ISO 


TT7EI,. 


COAX. 


Fossil  f\iel  ia  found  in  t^ree  di«»tmot  fomiationsk — 
Istly.  In  the  tertiar}f  formation  :   fresh  water  limestoi 
limeetune,  &c, 

2tllj,  Li  the  sectrndary  fomiaHon:  both  in  the  older 
Jura  formatioiui,  anil  in  the  more  recent  chalk. 

3dl>',  In  the  roai  /ormafioji^  whieh  is  subdivided  into  th«  cl 
trmmlioH  formafion^    producing  anthracite ;  and  the  newer 
formation,  yichling  etml. 

lilffnlu,  or  Brown  foal,  from  the  tertian"  formation,  varies 
ntiieh  in  its  appeanmee  and  coinposition,  and  haa  eonaequoi 
received  trtim  mineralogista  sevornl  distinct  names,  such  as 
rofl/,  hiivminovs  wood,  common  ^V/hiYs,  and  earthy  tiptite 
these,  the  former  vert^  much  restMiiblew  turf  in  ita  nature.  conH 
inff  of  woody  n>atter»  whioh  in  many  instances  so  far  retaini 
on^nal  fitructure  a,**  to  admit  of  the  rerojj^ition  of  the  clAai 
which  the  tree  bekmged.  Tliis  kind  frequently  loeea  about 
per  cent,  of  water  at  a  heat  of  212°  Fall.,  and  yields  from  35  to 
per  cent,  of  a  brittle  coke  resemblintj  charcoaL 

The  second  variety,  or  bitnminoua  wood,  although  it  still  pi 
sents  to  a  certain  degree  its  wottdy  te5.turt%  i^  generally  of  a  le 
dark  brown  or  black  colour,  and  more  closely  resembles  in 
miture  some  varieties  of  mineral  pitch  than  the  wood  from  wll 
it  was  originally  formed. 

At  Meiszner,  in  Germany^  a  deposit  of  bituminous  wood 
covered  by  a  stratum  of  basalt  more  tlinn  three  hundred  fed 
thickness,  and  oceura  in  flattened  fni^ments  which  still  retain f 
laminated  structure  of  wood.  Its  transverse  fractun?  is  conchoii 
»nd  glossy,  its  specific  gravity  82,  and  the  usnal  colour  of  X 
substance,  either  dark  brown  or  black.  AVhen  burnt,  it  decre 
tates  on  the  fire,  giviug  off  a  very  disagreeable  odour,  and  leai 
about  1 1  per  cent,  of  ash. 

Common  lignite  ver\*  much  rosembles  in  its  appeonuice  c< 
from   the   secondary  formations.     Its   usual   colour   is   black 
brown,  with  a  rom}>act  s^tnictnre  and  irregular  fra-ctuiv.     Son 
times  the  fracture  is  conchaidal  and  brilliant,  and  in  this 
substance  ia  often  called  jet,  althougli  the  tnie  jet  from  wh 
oniameuts   are  mnnufacturcd  is  not  a  variety   of  liguit<^.    T 
substance  contains   a  less  proportion  of  water  than  the 
known  by  the  name  of  fossil  wood,  and  has  an  average  spec 
gravity  of  1'20.     Wheu  heated,  it  gives  off  inflammable  ps 
toother  with  acid  and  tarrj-  uiatters;  but  the  resulting  coke 
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Less  freqnentlj,  the  ligmtea  may  be  so  fiv  softened  bj 
to  run  together  and  cake  on  the  fire,  or  even  to  sesame  a 
consistence ;  but  thesie  specimens  are  onlj  to  be  obtained 
sits  occurring  in  the  iresh-water  limestone  formations, 
earthy  lignites,  as  their  name  implies,  contain  a  brge  pro- 
of incombustible  foreign  matter.  They  have  a  nark 
colour  and  hackly  fracture,  and^  from  the  quimtities  of  iron 
and  clay  which  they  contain,  are  sometiniea  burnt  for  tht- 
of  manufacturing  alum  and  copperas  from  the  ashes  they 
lord. 

following  table  shows  the  per-oentage  composition  of  several 
of  li^ite : — 


ofligmlc. 


Sieder-Alpfm 


TitcfaCoal 
Bmekuhl 


Coal    frcm 


Bay 
frmn  Sandy 

,  Patagonia 
io  Bay 


LmilMdi 


4-99 

13-43 
3-01 
1910 
11-60 
1017 

10-56 
4-95 
7-49 

13-29 
6-92 

12  68 
901 
549 
219 
0-49 


Carbon. 


70*49 

63  88 

7002 
701JJ 
56  60 
60-83 

66.11 
8021 
70  33 

6219 
70-71 
51-70 
61  21 
63-29 
56  04 
67-28 


Hythrogen, 


6-59 

458 
5-20 
319 
4.76 
4-36 

4-82 
630 
684 


Oxyifen, 
Sulphur,  k 


18-93 

18-11 
21-77 
7-59 
2716 
24-M 

18-51 

8-54 

16-34 


6-08 

19-44 

6*44 

16-93 

5-26 

30-87 

600 

24-78 

498 

26-24 

670 

3607 

6*03 

3610 

ObwifiJii. 


Rognault. 


KiihtiCTt. 

J.  A.Fhimp«, 
Adminil^ 
Coala  IiiTeaU- 
gaiion. 

£uhnott. 
BegnaoU. 


meeific  gmvity  of  the  different  varieties  of  brown  coal  varies, 
'within  nnrrow  limits.      Eegnault   found   the   epecimens   of 
ite  which  he  eiamined  to  possess  densities  of  from  I'lO,  to 
Tie  earthy  lij^itea  analvBed  by  Kuhnert   weighed  from 
to  1  4^i6,  whilst  the  aeveral  varieties  tested  by  the  officers 
**  Admiralty  Coals  Investigation"  had    epecific  granties 
from  l'2tll  to  1*321 :  hence  the  weight  of  a  cubic  ftnH  of 
wUl,  on  an  tLyemge,  be  about  To  pounds. 


m 
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or  Mineral  or  Pit  Coal. — This  substance  is  founc 
var\nng  tlnekneas  in  the  carboniferous  and  secondary 
but  oecura  in  much  larger  quantities  than  any  of  the  b 
mentioned  varieties  of  fueL 

Althouj[fh  at  tlie  present  day  of  such  vast  importance  t 

manufactiirmg  industry  of  tins  and  other  countries,  its  en 

mout  as  a  fuel  is  of  comparatively  recent  date.     Its  valuabl 

pertics  appear  to  have  been  first  discovered  by  the  ChijieM 

according  to  the  tegitiniony  of  Marco  Polo,  have  from  remote 

quitv  been  acquainted  with  a  *'  black  stone,  wliieh,  when  tl 

on  tlie  fire,  burns  like  wood/'    In  Europe,  the  employment  i 

eombudtible  arose  from  the  gradual  decrease  in  the  supply  of 

and  in  the  year  123S  the  first  colliery  was  opened  on  the 

fi:rounds  in  tlie  neighbourhood  of  Newcaatle-on-Tyne.     Thi 

followed  in  1330  by  another  mine  near  Lanchester,  and  in 

by  those  of  Gateshead,  Wiekham,  Tyneraouth,  and  many  d 

Since  this  period  the  great  advances  made  in  every  departni< 

the  industrial  arts,  and  the  application  of  steam  as  a  motive  j 

have  caused  a  rapidly  increasing  demand  for  fuel,  which  has 

a  diligent  search  for  this  valuable  snhstant^e  in  almost  every 

of  the  civlhsed  world.     In  England  the  principal  coal  distric 

Northumberland,  Durham,  Yorkshire,  Cumberland,  StaflFod 

Lancashire,  and  Cheshire.     There  is  also  an  abundancf  of  thi 

found  in  many  parts  of  J^cotland,  in  North  and  South  Wale 

in  some  parts  ox  Ireland.     On  the  continent  of  Europe  the  s 

is  comparatively  nmch  less  abundant  thiin   in  England,  alt 

considerable  quantities  are  annually  obtained  from  the  ndi 

central    France,    Belgium,   Westphalia,   and    Upper  and  ' 

Silesia.     Large  deposits  of  fossil   fuel  also  occur  in  the  I 

States  of  America,  in  Borneo,  and  on  the  Australian  contine 

Veins  of  coal  are  worked  by  means  of   shafts  and   gi 

in  the   same  way  that  metallic  minerals  are  extracted  fro 

lodes  in  which  they  are  found  ;  but  as  the  seams  of  coal  are 

rally  much  more  extensive  than  the  metalHc  deposits,  and 

larger  masses  are  consequently  removed  from  the  interior 

mines,  the  greatest  care  is  rtnpired,  not  only  to  prevent  the 

ing  together  of  the  workings,  but  also  to  induce  a  current 

into  every  part  of  the  colliery  in  such  a  way  as  to  fum 

workmen  with  fresh  air  for  the  purposes  of  respiration,  and  i: 

the  accumulation  of  the  explosive  gases  which  frequently 

from   beds  of  coal.     The  great  number  of  varieties  of  oc 

given  rise  to  distinctious  founded  partly  on  its  ige  aad  I 

ance,  and  partly  on  its  quality. 

In  all  kujda  of  coal  the  atnicturo  of  the  wood  from  whk 
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■ilboiigli  partial  inpreawioiii  cf 

oocor.  Coab  geoeraUjfoini 

of  a  dark  bcown  or  black  colour,  »omo- 

_  a  vitreouB  lustre,  which 

indeBcence.     Their  speciiic  gra^tj- 

.  _  uf  wood«  and  their  structure  decidedly 

Ikt  ar»  ahraja  daatiiictiy  stratified,  uid  have  gene* 

ift  ti^  aoglBa  to  the  plane  of  deposition.     The 

fl£  vkkli  iktf  are  maae  up  are  usually  in  doae 

odKr,  but  are  tometimea  found  to  be  separated 

'  oikcr  flniienla,  such  as  iron  pyritee,  carboOBato 

,  solnhate  of  hanta,  the  soda  laHa, 

r  by  a  douole  carbonate  of  lime  and  iron.' 

kinds  of  coal  is  eonchoidal,  and  that 

Coinmon  coal,   and  particularly 

is  obserred  to  be  made  up  of 

farCBDl  appearance  :  the  one  kind,  which  is  black 

i  haa  a  conchoidal  fracture*  is  rich  in  carbon ; 

Ttnetjt  which  is  of  a  brown  colour,  contains  a 

t  of  that  element,  and  haa  a  soft  velvety  structure. 

is  eoropactf  and  has  a  resinous  lustre,  it  is  called 

I  which  has  a  cubical  fracture  is  called  cuhical  eoal ; 

by  heat,  and  partially  melts  on  the  fire,  it  is 

toai:  and  when  it  can  be  easily  gplit  into  thlnlearea 

Iptibe  lines  of  deposition,  it  is  known  by  the  name  of 

eoaL     On  extracting  coals  from  the  pit,  and  leaving 

to  a  dry  atmosphere,  they  lose  a  portion  of  the 

villi  which  they  are  more  or  less  saturated  on  leaving 

bst  still  retain  a  certain  amount,  varying  from  1  to  12  per 

*"  g  to  their  mechanical   structure.      The  following 

[from  the  Third  Otficial  Keport  on  the  Coals  suited 

Kav>%  shows  the  per-centage  composition  of  seTeral 

British  coals,  together  with  their  specific  gravitioa, 

cmoant  of  ash  and  coke  yielded  by  each.     (See  TabUt 

135.) 

lults  obtained  by  Regnault  and  Karsten  from  several 
of  foreign  coak,  are  given  in  page  136. 


*  8es  Second  Report  on  the  Coftli  raited  to  the  St«am  ^ivy . 
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Description  of 
Coal. 

Carbon. 

Hydrogen. 

Oxygen 

and 
Nitrogen. 

Aih 

Denittj.  Ohmml 

Alias,    Dep.    du 

1 

Oard     .     .     . 

89-27 

4-85 

447 

1-41 

1-322 

■> 

Eive  de  Giei^ 

Grand  Cwix  , 

87-45 

614 

5G3 

1-78 

1-298 

FlenOfpomMons 

84'67 

6-29 

7'94 

2-10 

1*276 

DecMerillc^Dep. 

Avejron     .    . 

62-12 

5-27 

7-48 

5-13 

1-284 

Epiiiac     .     .    . 

8713 

6-10 

11-25 

2-53 

1-363 

Commentiy  .    , 

83-72 

5-29 

11-75 

0-24 

1-319  1 

Blaiizy      ,    .     , 

76*48 

5-23 

16-01 

0-28 

1362 

■ILdffud 

Obonikirohen 

ScIiamcDburg  « 

89-60 

4*83 

4-67 

1-00 

l-27a 

Cerftl,Dqj.ATey 

ron  .... 

75-38 

4-74 

002 

11-86 

1*294 

Neroi  .... 

r?3-28 

4-36 

13-17 

19-20 

1-410 

Saint*  Gurona 

72  94 

5-45 

17^63 

4  08 

1-316 

Saint-Colombe 

75-41 

5-59 

17-91 

0-89 

1-305 

) 

Leopcldinon- 

1 

grubc,  Silesia , 

73'88 

2-76      1 

2-47 

21-89 

\ 

Kottigsgrube, 

Upper  Silesia » 

78-39 

3-21 

17-77 

0-60 

1-285 

Kantn. 

Siiker  ii  Neuak, 

W«stplialia     , 

88  68 

3-21 

8-11 

0-70 

1-288  I 

Hundaiijik     .     . 

[)fi02 

3  20 

6-45 

0*60 

1  338 

The  composition  of  i\w  asihea  of  a  coal  is  in  a  great  mca0ti7e 
influoBeed  by  the  iiattire  of  the  rock  in  t1io  vicinity  of  the  sesm 
from  which  it  is  extracted,  an,  besides  eontaiiiing  the  morgnnkt 
elements  originully  forming  part  of  the  phirits,  by  the  decomposi- 
tion of  which  tlie  eoal  ha»  been  produced,  they  will  also  to  a 
certain  deq^ee  consist  of  earthy  piirtii-lea,  deposited  in  the  jx^rea 
of  the  coal  by  the  ioliltration  of  water  li-om  the  overlvinp^  strata. 

Fntm  the  analysis  of  the  ashes  of  seven  varieties  of  British  cools^ 
I  have  obtained  the  results  here  given  in  a  tabular  form  \ — 


Name  of  Coal  from  which 
tho  Ash  was  obtained. 


Ponty|)ool   . 

Bcdwaa         .         .         « 

PortlimawT  Rock  Vein. 

Ebbw  Vak'  . 

Fordol  Splint 
/  Elgin  WaUsmd 
^  Coleahill       . 

Bcsid&t  the  mbof^j 


40-00 
36-87 
34-21 
63  00 
HI  r,r 

61  • 


^   5 


'W78 
5695 
52  00 
3501 


1200 
5  10  I 
6199 
3  04, 
373 


tfnue 
M9 
0-65*J 
2-20 
110 

Via 


2'23 
7-23 
413 

4-89 
414 
638 


I 


99-76 
98-Ofl 


^^V      <iMEi 


076 
071 

0-6:^ 
0-8- 

0  Sh  I  ^.np' 
118  ll 


^kkMftm  VaOk  T&vnX  laH 
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'hicli  is  the  oldest  of  all  kinds  of  fossil  fuel, 
the  transition  rormationa.     Its*  bitrueture  iij  p 
lioniog^enous,  ita  fracture  (ronchoidul,   and  its  colour  a  jet 
,,  with  M  ritreoufi  lustre,  which  frequently  displays  a  poweriuL^ 
plav  ofcolounj. 

I'he  tvBults  obtained  by  varioua  chemists  from  analysis  of  speci- 
mens  of  thiw  Bubstance  are  given  below. 


Locsalitr  of 
Anthracite, 

Cttrbou. 

Hjrdrogen. 

Oxygen 

and 

Nitrogen, 

Amcriia  .    . 

90-43 

243 

2-45 

Bolduc^  netu*  Aix- 

U-Ch*peUo  . 

91-98 

^2 

316 

Mire,     Bnicon* 

Tii'-rn     . 

91-45 

418 

212 

'  'li.   do 

1  'J 

87  22 

2-49 

3d9 

•.         1..  Licp.  do 

]'I*e» 

9i*09 

185 

2-85 

1-    -,.. 

94  00 

1-49 

3-58 

GU- 

-bin?  . 

9144 

384 

3-58 

r  S4i»«Artbu{h,Ire* 

;      knd     .        . 

8003 

2-30 

— ■ 

.  ,       Specific 
^^    Gravity. 


467 
0-94 
225 
6-90 


1-462"} 

I 

1-367  [• 

1-343J 


1-7511 


1*90  j  1-730  ( 

4-00  I  1650j 

1-52  1-375 

—  1-590 


Bcgnault. 


JaqueMn. 


Wright- 
son. 
H.  How. 


n   Fwel. — Since  all   the  variouft  substances 
purposes    of    fiiel    are    of   organic    ori^n 
prone  to  decomposition, 
certain    Innits 
passed,  a  aeries 


Bfl^t*   of   Heat 

employed    for    the 

It    f'.Ji-... .  that  they  are  more  or  less 

combiuationa    are     stable    within 
re  only,  and  when  these  points  are 


I 


1^  ig  produced  by  fresh  groupings  of  the  various  elcmen 

'•I  w  rvicii  tbe  original  substance  was  composed.    When  a  substance 

fuch  as  wood  is  strongly  heated,  the  arraiigement  of  its  elements 

b  broken  up,  and  new  compounds  are  produced,  capable  of  exist- 

at   the  higher  temperature  at  which  they  are  formed.     The 

fif  the»e  productH  will  in  a  great  measure  depeud  on  the 

of  heat  \\  uich  luus  been  employed,  as  those  obtained  at  one 

iry  will  materially   tlifter,  both   in   quantity  and  com- 

'Uti  those  which  are  formed  at  another. 

\  ill  moreover  be  essentially  diHerent,  according  as 
iVom  or  admitted  into  the  apparatus  io  which  the 
When  air  is  admitted,  the  products  i\l  \\vA 
Atclv  .subjected  to  the  powerful  clieiiucis^  \3Jk:UviU 


I 
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of  the  oxygen  wliicli  it  contains,  and  which  combines  with 
elements  to  form  now^  bodies,  and  combustion  results  aa  a  secoi 
process. 

If,  on  the  contrary,  the  decomposition  is  effected  by  heat  oIi 
with  the  excluMon  of  atiiiospheric  air,  the  process  is  known  bj 
name  of  dr^  distUlaiion,  and  aflbrda  the  nieaus  of  collecting 
studfing  the  variouH  products  obtained  at  more  or  less  elevi 
teaiperatures.  This  operation  is  of  the  greatest  iraportaiiee, 
only  from  its  occurring  in  all  cases  where  a  body  is  burnt,  I 
also  as  aflording  the  nieaiia  of  modifying  various  fuels,  so  as 
adapt  them  to  the  particular  circumstances  under  which  thoy 
to  be  employed.  AVTien  a  piece  of  wood  or  coal  is  stronglj 
heated,  its  elements  so  arrange  thcDisclves  as  to  give  rise  to 
^■•eoiiJi  compounds,  and  the^e  escaping  at  an  elevated  tempersfcaie, 
igaite  and  produce  tiame.  This  combustion  affords  irufiieient  heit 
to  cause  the  nou- volatile  portion,  or  carbon  of  the  foel,  to  combinfi 
with  the  oxygen  of  the  air,  which  in  its  turn  produces  a 
supply  of  gas  from  that  portion  of  the  mass  witn  which  it 
most  immediate  contact.  In  tliia  way  the  combustion  is 
ported  mitil  the  substance  is  entirely  consumed,  as  the 
evolved  by  the  combustion  of  the  carbon  on  the  outer  surf 
the  mass  causes  the  dry  distillation  of  the  inner  portiona  with 
which  it  is  in  contact,  whilst  the  gases  thus  evolved  tend  to 
facUitatc  the  union  of  the  carbon  of  the  outer  surfaces  with  thf 
oiygcu  of  the  air. 

When  the  elements  of  which  a  fuel  is  composed  are,  by  the  aid 
of  heat,  forced  to  abandon  their  state  of  equilibrium,  the  nature  of 
the  new  products  obtained  will  be  to  a  certain  extent  inHuenced 
by  three  ditfercnt  causes. 

Istly.  By  the  temperature  by  which  the  decompositionB  baTO 
been  effected. 

E2ndly.  By  the  degree  of  chemical  affinity  which  exists  amongai 
the  various  elements. 
Srdlv.  By  their  relative  degrees  of  volatility. 
Hydrogen  and  oxygen  are  both  volatile  bodies,  whilst  carbon, 
on  the  contrary,  is  perfectly  fixed,  and  therefore  the  two  former 
will  constantly  have  a  tendency  to  separate  from  the  latter,  and 
pass  off  iti  tlie  fonu  of  gas.  Here,  however,  chemical  affinity 
coujes  into  play,  and  causes  them  tti  unite  with  each  other  and 
form  new  compounds,  or  to  combine  cither  singly  or  together  with 
carbon,  a  portion  of  which  is  tliercby  made  to  assume  the  g&aeom 
form.  The  most  simple  and  stable  compound  of  hydrogen 
oxygen  15  water,  whilst  the  excess  of  hydrogen  which  exists  iol 
fuels  takes  up  a  portioQ  of  tbe  carbon^  with  the  production 
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lisbt  cirburetted  hydrogen  or  olefiant  gaa,  and  the  united  action 
of  these  cotitinuidly  tends  to  the  formation  of  a  aeries  of  ternary 
wrap<iundsi,  the  nature  of  which  will  in  a  (s^cat  measur©  depend 
on  the  t^smperatures  at  which  they  are  formed,  a«  those  will  be 
CMwtantly  produced  which  are  most  stable  at  the  various  deg^reea 
of  beat  attained-  The  rapid  chemical  action  incident  on  the  pro- 
duction of  these  varied  compounds,  neceBsarily  produces  a  fur- 
tiker  elevation  of  temperature,  and  the  consequent  formation  of 
new  groups.  ^  ^^ 

The  number  of  compounds  which  can  be  thus  obtained  ii|^|^H 
extremely  great,  and  appears  to  be  only  limited  by  the  number  of^^ 
eombiuations,  binary  and  ternary,  which  are  mathematically  pos- 
lible  for  every  amount  o(  temperature.  Besides  these  various 
gatseous  product*,  the  dry  diHtillation  of  fuels  affords  acetic  acid, 
]ftic  or  wood  spirit,  and  tar,  together  with  a  fp^uit  number  of 
rtubstancea,  such  as  paraffin,  picumar^  pitacaU^  creasotej  and 
napMhaline^  «fec.,  which  are  of  less  practical  importance. 

The  greater  the  proportion  of  hydrogen  contained  in  a  fuel, 
tod   the   less   the  quantity  of  oxygen,  the  more  numerous   ara^^l 
the  combinations  of  carbon  produced,  but  in  no  substance  are^^J 
tliiae   sufficient  in  amount  to   combine  with  the  whole  of  the 
carlxm  present,  a  portion  of  which  invariably  remains  in  the  solid 
form  in  the  vessel  in  which  the  distillation  has  been  effected. 

The  charcoal  produced  from  wood,  brown  coal^  and  turf,  always 
retains  the  form  of  the  original  fmgmcut  belbre  it  was  subjected 
to  the  action  of  heat  •,  and  in  the  ciise  of  the  former,  its  mechanical 
structure  is  so  completely  preserved  that  the  year-riugs  and  cells 
onay  be  perfectly  distiDguiahed,  and  the  kiud  of  wood  from  which, 
it  was  made  ascertained. 

Coal   having  a  different  elementary  constitution,  is  differentl; 
affected  by  the  action  of  heat. 

Some  varieties  of  coal,  on   being  heated,  undergo   a  kind 
fusion,  and  yield  a  spongy  residue  or  coke  of  a  totallv  differe 
Btructure  from  the  coaJ  from  which  it  was  produced,    A\  hen  small 
fragments  of  this  kind  of  coal  are  subjected  to  the  action  of  heat, 
they  soften  and  adhere  to  each  other,  so  as  to  form  one  mass,  and 
from  this  property  they  have  received  the  name  of  caking  coaU. 

Coals  w^hich,  by  dry  distillation,  leave  a  cnke  retaining  to  a 
certain  degree  traces  of  its  original  structure,  yet  still  having  the 
property'  of  caking  on  the  fire,  although  in  a  less  degree,  are 
called  tinier  coat 

A  thu-d  variety,  which  does  not  cake  on  the  fire,  and  of  which 
the  finer  fragments,  when  converted  into  coke,  do  not  agglomerate, 
ii  called  aand  coal,  and  chieAy  used  for  funmcs  purpo&ca. 
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rom  the  large  amount  of  water  contained  in  most  varieties 
fuel,  Bjn  w«n  aa   troni  tlie  oxygen  whicli  enters  into  their  coi 
tution,   it  is  evident    thiit,  when   burnt,  a  portion  of  the 
evolved  miist  be  rendt- red  uiiavailablej  as  the  water  present 
not  oiily  carrj  off  by  ita  evaporation  a  part  of  the    heat  [ 
duced,  but  the  union  of  the  hydrogen  and  oxygen,  fonmn^part' 
the  fuel  itself,  will  give  rise  to  another  portion  of  water,  wnit-hw 
have  to  be  evaporated  at  the    expense  of  a  further  sacrifice 
heat. 

In  order,  therefore,  to  obtain  a  larger  amount  of  combustil 
matter  in  a  given  bulk  of  fuel,  it  has  long  been  the  custom  to 
the  aqueous  and  gaseoua  portions  of  such  as  are  required  to  Jiff< 
an  intense  heat,  before  applying  them  to  the  uses  for  which  tl 
are  intended.  This  is  the  object  of  charring  woodL,  or  convert 
it  into  charcoal,  which  ha^  smce  been  extended  to  peat,  lignite, 
and  coal,  in  which  bitter  case  the  process  is  willed  caking,  and  the 
resulting  2>roduct  is  known  by  the  name  of  coke.  By  this  means, 
the  diffeix'ut  kinds  of  natural  fuels  are  made  to  aflbrd  a  tieries  of 
artificial  ones  respectively  richer  in  their  boating  properties  than 
the  substances  from  which  they  are  derived;  and  their  economical 
preparation,  therefore,  becomes  a  subject  of  great  importance,  not 
only  to  the  metallurgist,  but  to  all  manufacturers  who  require  the 
aid  of  lui  elevated  temperature, 

Nftfiiifacture  of  Charcoat. — If  we  ignite  a  small  splinter  of 
wood,  and  cloaely  eiamiiie  the  way  in  which  it  biu'na  wlien  the 
lighted  cud  is  held  do^^iiwards,  two  distinct  periods  will  be  ob- 
served. When  the  flame  has  become  weak,  fi'om  the  volatile  and 
combustible  products  having  ceased  to  be  evolved,  except  in 
very  small  quantities,  it  is  observed  to  gradually  die  out,  and 
nothing  will  remain  but  the  feeble  glimmering  produced  by  the 
alow  combustion  of  the  remaining  charcoal,  which,  not  aftbrding 
sufficient  heat  to  adrm't  of  the  combination  of  the  carbon  with 
the  oxygen  <d'  the  atr,  m>on  ceases.  If,  as  soon  as  the  flame  is 
extinguished,  the  chip  be  placed  in  a  close  vessel,  such  aa  a  te«t- 
tube  stopped  by  the  finger,  it  wdl,  from  want  of  air,  be  ciuickly 
extingui:<hcd,  without  any  of  the  glimmering  before  noticea ;  and 
if  a  oiece  of  wood  be  at  once  heated  in  a  close  vessel,  so  as 
completely  char  it  without  tirst  producmg  ignition,  the  vo^ 
matters  arc  driven  ol!',  and  c'hiirr'*nd  produced  without  loss  &om 
the  action  of  the  jiir.  in  the  ordinary  methods  of  ppeparijig 
charcuiil  oil  a  large  scale,  botl*  these  principles  aiv  in  a  maimer 
yoh'vdf  m  iu  thi»  case  a  poitiou  oV  tW  viv>^  \a  \i^\i&\issto3dL  iiL 


;  and 
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owler  to  rtise  ilie  temperature  aufficientlj  to  drive  off  tbe  TolatOe 
wiif«tituent8  of  that  which  remaiiiB,  whil^  the  conihustible  products 
of  distillation  arc  invariably  more  or  \es»  perfectly  conauined. 
Less  frequently  the  coking  is  effected  in  hir|^e  ovena  or  retorts, 
liidin  that  ea?e  the  second  principle  only  corner  into  play. 
TVTiicheveT  of  these  contrivances  be  employed,  it  is,  however, 

[wsential  tlmt  sufficient  time  be  allowed  for  all  the  hydrogen  to 
^mbiDC  with  the  oxygen  so  as  to  fonii  water,  without  which  the 

imite  with,  and  render  volatile,  a  portion  of  the  carbon,  and 
Jereby  diminish  the  amount  of  coke  procfuced.     Kai'sten,  who  h 
mefullr  examined  this  subject,  obtained  the  following  results, 

[from  which  the  advantage  oi^  the  slow  over  the  quick  method  of 

^eiiarriiig  becomes  apparent. 


to 


of  Wood  employed. 


foung  Oak 

lid  do 

roung  Ked  Beech       .     . 

lid  do 

'oung  White  Beech  .     . 

lid  do 

foung  Alder     .... 

lid  do. 

''oiing  Birch 

lid  do.     .     . 

tirch  100  years  old     .     ♦ 

fotuig  Deal,  P.  picea  D, 

lid  do.     ...... 

rouug  Fir,  P.  Abies  D.  . 
lid  do.     ...... 

'oung  Pincj  P.  Hvlvcstria 
lid  do.     ..."  . 

le-tree      .     .     .     .     . 


PeT-crntnge  Amount  of 

Cliarcoul  obtained  br 

Qnick  Method  of ' 

Charring. 


16-54 

1591 
14-87 
1415 
1312 
18G5 
UI5 

mm 

12'20 
12  15 
1425 
1405 
16*22 

I5:i5 

1552 

ia-75 

13-30 


Per^oentagc  Araount  of 

ChjirooBl  obUtDt'd  by 

Slow  Method  of 

Cliarritig. 


2560 
25-71 

25-87 
26-15 
25-22 
20-45 
25-05 
2505 
2505 
24-70 
2510 
25-25 
25  00 
27'72 
24'75 
2607 
2505 
24-60 


The  best  method  of  ascertaining  the  quantity  of  ehaivoal  yielded 
the  varioufl  kinds  of  wood  is  to  place  a  weighed  fragment  of  the 
i  in  a  crucible  tilled  with  saw-dust  or  charcoal  dust,  and  having 
?d  it  in  an  assar  furnace,  tbe  hmt  sitould  he  ♦;n\\\u\iV\'5  t^\^n\ 
li^dnesH,  at  wbici  t&mpi^rature  it  m  kept   tor  about  Bi  v\\\WP\iei  til 
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an  hoiir,  when  the  crucible  must  be  withdrawn  from  the  fire,  and 
allowed  to  coo!  previous  to  being  opeoed.  Fine  sand  may  also  bo 
employed  instead  of  saw-duat  for  the  purpose  of  eieluditi;^  the  air 
irom  the  wood.  When  the  crucible  has  sufficiently  cooled,  the 
charcoal  is  withdrawn  and  weighed.  This  experiment  should  be 
repeated  at  leaat  twice  on  each  variety  of  wood,  for  the  purpose  of 
avoiding  error. 

Preparation  »f  Charcoal  In  MrlUm  or  Monniiii, — The  charcoal- 
burner  selects  for  this  purpose  a  dry  locality,  sheltered,  on  at  least 
one  of  its  sides,  either  by  a  hill  or  a  portion  of  the  uncut  forest ; 
sine**,  if  the  heaps  were  constructed  in  an  exposed  situntinn,  it 
would  he  extremely  difficult  to  prevent  their  being  so  acted  on  by 
the  wind  as  to  cause  an  une(|ual  charring  of  the  wood.  When  a 
proper  situation  has  been  elioften,  and  which,  to  prevent  the 
expense  of  carriage,  should  not  be  far  removed  from  the  place 
where  the  wood  is  felled,  a  circular  piece  of  ground  of  the  diameter 
of  the  intended  mound  is  marked  out.  If  the  soil  be  sandy  and 
dry,  this  is  doue  by  merely  cutting  around  it  a  shallow  drain,  for 
the  purpose  of  carrying  ofl'  the  rain  water  which  nuiy  fall  during 
the  process  of  carbonization  ;  but  should  there  be  anv  reason  for 
suspecting  the  dryness  of  the  soil,  the  surface  is  slight'ly  raised  by 
a  covering  of  shingle,  logs  of  wood,  or  the  smaller  branches  of 
trees.  The  next  operation  is  to  cover  the  surface  with  the  charcoal- 
dust  or  breeze  obtained  from  a  preceding  operation,  or,  in  default 
of  this,  a  strc^w  of  leaves  is  sometimes  employed.  A  long  post  or 
quandet  is  now  driven  into  the  ground  in  the  centre  of  the  circl<», 
and  it  should  be  of  such  a  length  that  its  upper  extremity  may 
remain  a  little  above  the  top  of  the  intended  mound.  Around 
tfiis,  the  wood,  which  has  previously  been  cut  into  proper  lengthx, 
is  piled,  a«  shown  in  fig.  81.     The  greatest  care  is  taken  to  avoid 

mrge  cavities  between  the  bil- 
lets ;  and,  for  this  reason,  those 
situated  immediately  around  thfi 
quandel  should  be  made  by 
splitting  the  hirj^er  braiirhea; 
in  niakuig  the  nii.tLii:iM  ii» 

ner  edges  are  placed  i  .  i:  iJia 
central  post. 

The  more  alanTtn.^li  tho  biUeti 
are    placed  o^i  ^   port, 

the  greater  wiJI   i «pan» 

between  them;   and.  therdbiv, 
the  more  steeply  thr-     --    b« 
€OU»iaten\ly  yK\t\i  the  stability  of  the  mass  atui  t 

of  Ihe^  e^U*ma\  coT^nng»  tbtt  W\fct  ^w^  vx  V  \^ 
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It  is  also  evident  that,  wlipn  logs  are  piled 

concentric    circles    radiatint,'   from    the    centre, 

'le  ppat-ea  must  be  produced  by  the  divergence  of  the 

_.^  of  the  billets  forming  the  various  riugB  ;  and,  therefore, 

«  corobination  of  the  two  methodg,  as   shown  in  the  figure,  is 
fr^,Tiif.ntly  adopted.     All  unavoidable  spaces  resulting  from  the 
rdut'ss  01  the  branches  or  their  nidi ut inn  must  be  carefully 
wm,i  up  with  sraall  frag-ments  of  wood  ;  and  when  the  surface  has 
lK?en  thus  made  even,  and  the  top  or  cap  has  been  properly  rounded 
by  the  tuldition  of  refuse  wood,  the  meiler  is  provided  with  ita 
maveablc  covering;.     This  consists  of  turf,  which   is  placed  on  the 
with  tb*^  pnissy  side  inwards,   and  beaten  all  over  v^nth   a 
i.  to  make  it  lie  closely  on  its  suriace.     This  m  again  covered 
titbur  with  damp  breeze  or  aand,  and  the  whole  pressed  down  for 
th*^  purpose  of  giving  it  solidity.     The  covering  doea  not,  how- 
extend  to  the  foot  of  the  nile.  but  is  supported  at  a  few 
-  from  the  bottom  by  twigs  held  in  their  places  by  forks,  so 
as  to  fonii  hoops  around  the  lower  part  of  the  mciler.     This  open 
part'  at  the  base  of  the  mound  is  for  the  purpose  of  allowi^ig  the 
tmcMve  of  the  aqueous  vapours  generated  dimng  the  tirst  stage 
of  ttie  openvtion,  since  no  opt-ning  is  allowed  at  the  upper  part 
i>f  the  pde,  as  it  would  tend  to  cause  a  draught,  and  conaimie 
a  portion  of  the  wood  to  be  charred. 

The  dimensions  of  the  monnds  depend  on  circuit! etanccB  inci- 

.1'Mtt  to  the  neighhoiu'hood  in  which  tne  charring  takes  place,  but 

d  in  no  case  be  bo  considerable  as  not  to  admit  of  a  good 

*■  n  of  the  heat.     Heaps  of  only  10  feet  in  iliameter  are 

'   met  with,  but  these   an\  generidlv  speaking,  incon- 

>mall,  and  mounds  of  from  30  to  40  feet  across  the  base 

fnre,  more  frequently  preferred,  although  in  some  locali- 

ixv^  iii«  ilors  of  even  60  feet  in  diameter  are  occasionally  employed. 

In  nrrnnging  the  billets  around  the  central  stake,  care  is  tziken 

r  <^  bottom  a  small  channel  from  it  to  the  exterior  part  of 

I  ,    jind  by  means  of  this  the  fire  iti  communicated  to  the 

pii* .    wljen  it   IS  finished,  and  the    external   covering    baa  been 

W'll  pressed  down.     Sometimes,  instead  of  leaving  this  opening, 

tin*  fpuifidel   itself  is  composed  of  three  pieces  of  cleft  wood  so 

nn^  Til:'  1 1   and  tied  together  with  bnn<Ls  of  green  branches  a3  to 

:id  of  chimney  by  which  tho  fire  may  be  communicated  j 

IS  case  the  horizontal  paasagi's  become  unnecessary. 

When  the  mound  is  completed,  and  the  covering  securely  uacked 

fli.ttti   fTrt-  in  communicated  to  the  centre  of  the  maas  eitaer  by 

ligJitcd  coals   dowTi  the   vertical    chimney,    or   iutro^ 

icni  h^  the  horizontal  gallery.     For   the    \iur\wmfe 

1 1;  the  ^mtioD,  the  wood  pliiced  iininodiate\v  'AroxmCi  >3t 
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Btake  consists  of  tlio  half-bumt  chnrcoaJ,  "  charbon  roux,"  resuH 
Crum  a  preceding  openition,  and  whk'li   is  picked  out  for  t\ 
purpose  na  ht^hifr  more   t'otnbustible  than  the  ordiutin'  \ftx)i\ 
w!iich  the  otlier  parts  of  the  iiu«il«?r  ar^  composed.      When 
heap  h.i8  been  ii^tiited,  the  hole  by  which  the  hre  is  iDtrt^duced i 
ticjlitly  flowed  with  tnrf  and  sand,  or  breeze ;  and  the  first 
called  ihv  ittrfatinff,  darinfj  which  tlie  moisture  iii  expelled  from 
wood,  coiTniieneeH. 

At  this  Ht:ige  the  greatest  attention  is  necessary  to  prevent  i\m] 
rxploeiou  of  t\w  heap,  either  from  the  too  rapid  generation  i ''' 
%*rt|H)ur,  or  fn:«m  the  ignition  of  a  mixture  of  atmospheric  air  wil 
the  infhiinmable  gases  produced  by  the  dry  distillation  of 
During  the  wl^oje  of  the  iweating  process,  large  quantities 
yellowish-grey  smoke  escape,  particularly  from  the  uncovered  sp 
at  the  base  of  the  mo^ind,  and  the  interior  of  the  covering  bccoi 
moiHt  fnmi  the  condensation  of  a  portion  of  the  aqueous  mp 
rxpelled  from  the  wood  by  the  action  of  heat.  When  the  cd 
of  the  smoke  iasiting  from  the  mound  haa  been  observed  to  cha 
to  a  light  grey,  without  any  remains  of  the  yellow  tint  be! 
nuMitituied.  the  burner  haatens  to  close  the  open  space  at  the 
and  ih*'  charring  period  commences. 

Th«'  covering  of  the  ineiler   now   requires   to  be    thoron| 
repaiivd,  aa  the  dry  wood  in  the  vicinity  of  the  quaudel  will 
Ivcomt^  partially  consumed,  and  have  caused  a  sinking  of  the  topj 
or  cap  of  the  heap.     The  upper  part  of  the  covering  is,  therefor 
T«pidly  iviniived,  the  charred  wood  forced  dowTi  by  means  of 
long  polo  iii«o  a  cimipat!t  mass,  and  the  cavity  thus  made  imni 
ilUtelv  fdled  II |>  ^^ith  fretsh  logs.     The  LViveriug  ia  now,  with 
«y«atV%|MMlitiou  UJi  ^><iiis»bh\  replaced,  and  any  cix^vices  wliich 
Jwfcvf  CH^nirwHl  in  it  Iroiti  the  yinkiiig  of  any  part  of  the  mound 
^onp^  without  delay,  as    they   would  otherwise,   by  admitt 
j^^J^^.^ie  air,  cnusi'  the  eombuHtioo  of  a  part  of  the  Vootl. 
liM<iVr  w  now  l»^t\  to  itself  for  several  days,  except  that  small  h( 
■r  ^K««^  lii^e  U\  time  made  in  that  portion  of  the  covering  wlik 
^■Mr«<»l  tW  pxumd.     This  ia  done  both  for  the  purjiose  of  alloi 
.^^^,^4|Mc  of  the  tarry  vapours,  and  also  to  admit  the  rxxjuiait 
^^^T^s  •HWugh  the  porosity  of  the  covering  of  turf  an 
nidn  In  jiroducing  the^e  results. 
__    ^\(  the  neap  have  at  this  stage  become  coi 
HnJl  *mn^  nuist  be  taken  to  observe  whether  it 
>n  «U  its  parts,  or  whether  some  parts  of 
^\U\  others  are  in  their  original   conditK 
,^i^>^iihmt\  of  outline  to  the  meiler. 
^^1^  y^li.  Um>  chnrring  has  been  badly  conduct 
^  sxSkdlh^H'^"^  ^'^  obviated,  t\\.VeT  Vj  <iK«eT«u|^^ 


re  perfectly  carbouij*ed  parts  ^ith  au  additional 
nf,  iir,  by  ineauf*  of  au  a|>eriiiro  made  in  the  raised 
le  draui^ht  tnay  be  inereasod  tfi  that  direction, 
the  end  of  the  pnxx^tiB,  and  when  the  wood  in  the 
^e  nioimd  has  become  perfectly  carbonisedj  it  will  bo 
wdary  to  adopt  means  to  ertect  the  eharring  of  those 
liich  are   in   immediate    contact  with  the  moveable 


the  wood  ia  ao  cooled  by  radiation  and  by  the 
?n  of  mineoua  vapoura  which  i^^aue  fn>m  it,  as  to  eticape 
on ;  and  the  workmen^  therefore,  accelerate  the  draught 
i  of  the  heap  by  niakinij  a  second  aeries  of  hole*  in  the 
bore  those  whicli  have  bt^en  before  described,  but  at  a 
nnce  from  each  other.  These  are  allowed  to  remain 
ithe  emoke  that  issues  from  them  h  seen  by  its  coluur 
jom  watery  vapour;  and,  when  this  period  has  arrived, 
Med,  in  orier  to  t^ive  place  to  others  which  are  made  at 
stance  below  them,  llolcis  are  never  made  for  this 
the  higher  part  or  crown  of  the  pile,  as  the  dniught  is 
n  that  direction ;  but  in  very  large  nioumlH,  three,  or 
lucceaaive  aeries  of  upeningjj  are  not  unfrequentiy  made 

heighta  above  the  surface  of  the  ground. 
e  necessary  for  the  operation  chiefly  depeuda  on  the 
meiler.     Small  mounda  are  generally  eiirboniaed  in  from 
»en  days ;  but  If  the  diameter  of  the  heap  be  more  than 

at  least  a  month  la  required  for  its  completion. 

terrainatiou  of  the  process  the  covering  were  removed, 
ap  broken  up  whilst  atill  hot,  the  accents  of  atinosphenc 
caiwe  the  charcoal  to  ignite,  and  the  whole  woidd  be 
11*,  on  the  contrary,  the  covering  were  allowed  to 
diBturbed  until  the  mass  had  cooled  down,  so  af  tu 
i  being  removed  witiiout  dan^jer,  much  time  would  be 
i;  ancT  the  chiircoid  Is  thereture  withdrav^u  in  nmall 
and  with  suitable  precautions.  In  order  to  do  tfits,  the 
«  bare  a  space  of  two  or  three  feet  at  the  bottoui  yf  the 
i,  with  im  iron  cnx>k  fitted  to  a  wooden  haudle,  with- 

by  one,  the  logs  of  charcoal.  These,  wliich  ain?  n*d  hot 
n  out,  are  either  extinguished  with  water  or  by  bein^ 
ADip  breeze;  and  as  soon  as  the  air  bei,nn8  to  act  too 
1  the  exposed  part  of  the  heap,  the  o[>ening  is  cltisctJ, 
ir  made  iji  a  diffeifnt  part  of  the  mound*  This  opera- 
1  10  repeated  until  the  whole  htia  buen  rci^oved  and 
^,  ifl  best  performed  at  night,  as  the  slightcBt  sy>^^^^  ^* 
s,  aad  the  i^hance  of  hsa  t'rotn  the  subiieQueul  \^\uVvou 
"-' "  thef&by  roduved, 

L 
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In  some  parts  of  the  Continent,  and  pftrtieularly  in  WienerwaM^ 

another  arrangement  ia  employed  lor  the  pn-panition  of  cfiareoal. 
This  process  is  known  by  the  name  of  carboui»ation  in  heaps  or 
pilea,  and  13  said  to  yield  clmrcoul  of  a  better  quality  than  th«t 
obtained  from  the  ordinary  ineiler  operation.  For  this  pur;  ••<'•• 
logs  are  laid  together  in  the  form  of  u  mirrow  wedge,  a#  i»tu  'V. 
82,  of  which  the  breadth  is  regukted  by  the  length  of  the  lu^)> ; 


f0l1B< 


82. 
length  varies  from  20  to  30  feet.     Tlie  thick  end,  whir^i  :^  r..rT 
from  tliat  at  which  the  fire  is  eommunie-ated,  is  from 
feet  in  height,  whilst  the  thin  end  is  only  about  two  tt  * .  *»irv.,., 
level  of  the  soil.     In  the  erection  of  a  heap  of  this  kind, 
burner  commences  by  driving  stakes  a  o,  all  round  tlje  f :  -  "  '  - 
in  which  the  logs  are  t^o  be  placed.     These  posts 
from  the  aiuface  so  aa  to  be  of  the  same  height  w*  luv  nd 
intended  to  be  at  the  point  at  which  they  are  driven ;  ant]  1 
outline,  therefore,  in  every  respect  corre»pondiJ  with  tbo 
the  pile  itself. 

Tuefcte  stakes  are  so  placed  as  to  leave  a  small  sj' 
the  •^edge-shaped  heap  of  logs  which  are  piled  within  1 
The  bdlets  used  are  usually  eight  fec»t  in  length  ;  and,  thei^ 
iu  order  to  allow  a  space  of  six  inches  between  thetr  rru}n\ 
the  sides  of  the  encloeurCT  the  latter  is  made  seven  i  { 

The  opening  thus  left  between  the  ends  of  the  woi  a 

in  for  the  purpose  of  receiving  the  covering,  which,  on  accd 
of  the  perpendicular  sides,  coidd  not  otherwif<t  hr  kt  n(  tn  Its  till 

B^^ards  or  pieces  of  cleft  wood  are  now  apj  .1 

of  the  posts»  and  wet  charctjul  pfwdcr  or  hu   .  c 

betw  een  them  and  the  logs  imlil  the  interval  in  1 

^^lien  this  is  done,  the  roof  receiver  a  triple  •  v 

ives,  and,  lastly,  charcoal  poMder,  whirh  i.-*  mm  1 

iiiid  well  beiitrn  down.     Tn  each  of  the  hm  -  4 

Atw*  of  huJf.i  L*  made  in  the  boanling,  but  tj 

through  tfjf  cliJircoal  coating*,  »m4\iwlWWvt  cu\uvv,-4».r  uiii 
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for  the  purpose  of  ietiiting  the  logs,  wliich  is  effected  bj 

the  nperture  with  shaxiugn  or  dry  wood,  and   then 

some  red-hot  cooIb  between  the  front  posts  and  the  pile 

the  fire  has  fairlv  taken  hold  of  the  wood  the  aperture  ia 
aud  other  holes,  of  about  three  or  four  inches  in  diaiueter, 
at  a  height  of  about  fifteen  ijiehes  from  the  ground,  in 
end  of  the  heap.     As  soon  as  the  yuuike  issuing  from 
aaeainea  a  clear  blue  colour,  they  are  stopped,  nod  others 
higher  up  in  the  pile,  which  are  in  their  tuni  closed  as  soon 
I  *^re   has   sufficiently  advanced    towards   them.     By   this 

at  the  wood  in  the  front  of  the  pile  is  undergoing  the 
liiarriiig  process,  whilst  that  placed  behind  is  merely  losing  its 
bUtile  ingredients.     When  the  operation  is  drawing  to  a  close^  it 
I  fuund  neceBsan,^  to  open  a  series  of  holes  in  the  sides  of  the  heap 
pi  above  the  level  of  the  soil,  as  by  this  means  the  charring  of 
lower  logs  which  constitute  the  bottom  of  the  pile  is  eflccted. 
from   their  proximity  to   the   ground,  and  the  dampness 
ited  by  the  sweating  of  the  wood,  woidd  othenviso  remain  as 
ni'iif^rr^rtly  charred  billets ;  and,  theri^fore,  to  preyeut  this,,  a  series 
r  (when  the  heap  it*  iir*t  constructed)  cut  in  the  plank- 
,^^   ......ing    the    sides.      During   the   early   part  of    the    ope- 

b^n  these  are  closed  by  the  breeze,  which  is  closely  packed 
mreen  the  boarding  and  the  wood  to  he  charred  \  but  when  the 
MB  10  required  to  descend  to  the  bottom  of  the  heap,  the  draught 
I  made  to  pass  in  that  direction  by  removing  the  tlamp  charcoal- 
hst  from  the  apertures  left  in  the  planking.  As  soon  as  the  logs 
B  tlie  front  of  the  pile  have  become   perfectly  charred  they  are 

ted,  and,  being  thus  T^-ithilrawn  fnmi  the  action  of  heat  at  the 
nt  the  operation  ia  finished,  they  not  only  yield  a  larger 
t  of  chw-coal,  but  that  produced  is  also  of  better  quality 
that  afforded  by  the  ordinary  meiler  process. 
the  foregoing  operations  the  dry  distillation  of  the  greater 
of  the  wood  which  con^stitutes  the  heap  or  meiler  is  pro- 
by  the  combustion  of  a  certain  quantity,  which  may  be  cou- 
a8  the  fuel  necessary  to  produce  the  required  heat.     In 
to  conduct  an  operatii)ii  with  the  greatest  possible  economy, 
ahould  be  tidten  that  no  more  nir  he  admitted  than  is  abso- 
neeessar)'  for  the  combustion  of  this  amount  of  fuel^  as  any 
isuT)ply  will  cause  a  greater  quantity  to  be  consumed  than  is 
■  lor  the  dry  distillation  of  the  mass. 

of  these  processes  is  also  much  influenced  by  the 
smoke  ana  vapours,  being  evolved  contrary  to  t\\e\i 
ur»e,  an-  vonstimtlv  iimde  to  take  a  downward  dlreclYOU, 
oitJjr&dbrds  the  workman  the  opportunity  of  attei\\?ivoV 
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watclung  the  changes  wliich  are  taking  place,  but  also  gii 
time  for  taking  the  tiecessnn'  atepa  to  prevent  the 

krge  an  amoimt  of  air.     Ordinary  wood  loses  from  _     

cent,  of  its  bulk  diu^ing  the  process  of  charring ;  and,  theref 
the  dimenaiooa  of  the  charcoal  produced  from  a  given  qi 
tity  of  wood  is  much  less  than  that  of  the  original  ml 
beibre  the  application  of  ftre.  This  diminution  naturally  li 
to  produce  cavities  between  the  fuel  and  its  covering,  whid 
actually  formed,  would  become  accessible  to  air,  and  thereby  d 
a  useless  consumption  of  wood;  but  in  the  cAse  of  the  movel 
coverings  employed  for  this  purpose,  this  inconvcmence  can  in 
occur,  as,  in  proportion  as  the  size  of  the  heap  becomes  ] 
through  the  shrinking  of  the  wood,  the  covering  will  be  foul* 
uink  with  it,  and  is,  therefore,  much  more  elfective  in  exelut 
air  than  any  iised  rooiiug  which  could  be  substituted  for  it. 

The  loss  arising  fi-om  the  conibustion  of  a  portion  of  the  charco 
also  diminished  by  the  wav  in  which  the  charring  is  contiucted. 
mounds  are  always  first  lighted  in  the  middle  -,  and,  therefore, 
central  portion  of  the  heap  uill  be  completely  charred  before  ti 
parts  which  are  in  immediate  contact  with  the  covering  have  bee 
much  affected  by  the  heat.  In  this  way,  the  charcoal  which 
arrived  at  tlie  last  stage  will,  by  the  heat  which  it  evolves,  cause 
dry  distillation  of  the  wood  immediately  around  it,  which,  i 
the  combustible  gases  evolved,  and  the  burning  of  a 
the  wood  in  its  vicinity,  protects,  by  a  zone  greedy  for 
the  portion  ali-eady  completely  charred  from  the  furthi 
of  air. 

These  methods  have,  however,  the  disadvantage  of  allo^ 
volatile  constituents  of  the  wood  to  escape,  and  these  are  kioj 
less  valuable  a^-cording  to  the  locality  in  which  they  are  prodl 
Various  plans  have  been  proposed  to  prevent  this  loss.  For 
purpose  it  has  been  suggested  that  the  covering  of  the  lA 
should  consist  of  hurdles  covered  with  clay,  into  wliich  pipei 
carrying  off  the  volatile  products  could  be  placed :  otht* ra 
proposed  that,  instead  of  covering  the  heap  with  bree/e  or  6 
slaked  lime  should  be  employed,  so  as  to  combine  with,  and  the 
fi-x,  the  acetic  acid  produced.  Both  these  plans  have,  how* 
been  found  to  fail  in  practice,  as  tlie  ftrst  destroys  the  tleiibili 
the  covering,  and  the  second  is  said  to  retain  but  a  small 
of  the  acid  produced. 

If  the  method  of  carbonisation  in  long  masses  or  nfli 
sorted  to,  instead  of  the  mcilers  more  usually  empioi 
gaseous  and  liquid  product-^  <'  j;.t;n  .<;,„!  nuiv  be  collects 
jwii  pipe  placed  iu  the  '  tW  ln^un,  which, 

connected  with  a  worm-Uiu  muv^^^  o^vu -•'*-*  -^vsX  ;ii\aj.2vMa^ 


hich,  i 


iibili 
Ura 

i 
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iBed  products  in  the  liquid  tbruu     In  cases  where  the  eit*  of 

tueiler  irAii,  without  much  iiitonvenieuce,  from  the  fiicilitj  of 

'age   ntfitrdod  by  sledges  or  a  streiiTn  of  water,  remain  ata- 

_kry,  the  heap  may  be  pkced  in  a  funnel- si i aped  pit,  lined  with 

r,  whidi,  hu\nng  at  its  lower  part  an  inclined  channel,  either  of 

or  clay,  will  convey  a  portion  of  the  impure  acid  and  tarry 

'.tem  into  ii  resenoir,  where  they  gradually  accumulate- 

Clinrrlnic  In   rurnaeeN. — When   the  eollectiun    of  the   volatilt* 

of  wood  is  consitlert^d  a  matter  of  nuieh  importance, 

is  usually  conducted  in  fixed  furnaces,  from  whieh 

,  l«c  conveyed  by  proper  appliances  into  receivers  adapted 

P'jrpose.     These  furnaces  are  of  ti^o  kinds.     In  the  first 

ition  is  effected,  as  in  the  case  of  the  common  meiler, 

ise  of  a  certain  portion  of  the  wood,  which  is  con- 

1  order  to  produce  the  amount  of  heat  necessary  for  the 

lun  and  charring  of  the  remainder.     In  the  second  variety, 

beat  necessani*  for  the  dry  distillation  of  the  ^vood  is  not 

by  the  combustion  of  any  part   of  the  charge  of  the 

but  is  on  the  contrar>'  raised  by  the  application  of  a  cer- 

I  amount  of  fuel,  which   is  eutirely  distinct  from  that  from 

the  charcoal  is  to  be  manufactured. 


-3.  84. 

88  and  84  repret*ent  a  section  and  plan  of  one  of  the  many 
I  beloDging  to  the  fu-at  class.     In  this  arrangement  the 
m  Itaa  acccfts  into  the  fimiace  through  the  bars,  a.     It  is  partially 
nL.J  L,  ♦k..  w....r  ff^  and  whtm  the  charge  has  been  raised  to  this 
ider  of  the   wood  ia    introduced  through    th© 
■^i»n Lin-,  r,  Aim  h  is  left  for  that  purpose  in  the  crown  of  the 
When  the  charging  ia  cowplotod,  the  openings,  b  aa^  c, 
>d(Oa«il  Irr  memui  of  mm  doon,  agaiuni  which  earth  ia  tUrovniot 
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the  purpose  of  excludinej  the  air.     Tlie  wood  is  now  itrnil 
kindling  a  small  lire  in  the  ash-nit,  immediately  beneath  the 
and  when  it  lioa  become  fairly  alight,  the  draught  is  regulai 
the  sliding  door,  cf,  which  admits  of  being  opened  or  Bhut 
pleaauj*e. 

Aa  soon  m  the  sides  of  the  furnace  have  attained  &  suffit ' 
heat  to  complete  the  operation,  the  door,  dy  is  complortely  ch 
and  the  furnace  left  to  itself,  until  the  whole  of  the  wood  which] 
it  contains  ia  converted  into  ehitrcoal.     The  volatile  ingre< 
escape  through  the  aperture,  e^  and  are  more  or  less  com] 
condensed  by  passing  through  a  series  of  tubes  surroun* 
water. 

The  grate  at  the  bottom  of  these  furnaces,  instead  of  ^injp] 
made  of  bars  of  iron,  is  frequently  a  kind  of  trellis  fornu^l  ol 
brick-work   or  perforated  tHes,  and'  when  the  apertures  in  tl 
are  very  small,  the  firing  of  the  charge  is  effected  through 
door,  6.     Wlien  the  operation  is  terminated,  all  the  apei 
which  air  could  be  admitted  are  completely  closed,  and  the  fu 
ia  allowed  to  cool  j  the  charcoal  being  withdrawn  by  the  door» 

Funiucea  of  very  diti'ercut  construction  are  in  varioua  pi 
employed  for  the  production  of  chart*oal,  according  to  thia 
ciple.     Some  of  these  are  made  quadrangular,  and  very 
resemble  in  form  the  boarded  piles  before  described-     Two 
ings   in   the   lower  end,  to  which  doors  are  adapted,  serve' 
charging  the  wood,  and  withdrawing  the  charcoal  when  mi 
whilst  the  requisite  supply  of  air  is  obtained  through  apcrti 
perforated  in  the  walls.     The  first  row  of  holes  is  rniulc  on  tl 
same   level  aa  the  ground   on  wliieh  the   fumiUM?  attintli;   tl 
second  at  eighteen  inches  fi'om  the  floor ;  and  the  tliird  at  a 
tance  of  three  feet  from  the  first. 

Whea  the  wood  is  placed  in  the  fiamace,  a  tthaniicd  i* 
Btructed  in  the  direction  of  its  longer  axis,   v' 
with  one  of  the  openings  at  the  lower  end  of  t. 
this  opening  the  fire  is  communicated  to  the  charge,  iUjd  um 
aa  igmtion  of  the  mass  has  taken  place,  tlio  door  by  which  il 
lighted  LB   hermetically   closed.      A  a   the  process  proceed*,  i 
apertures  are  successively  clui*ed  by  plugs  of  clay,  and 
operation  is  complct^'d,  tlic  whole  of  the  enrface  of  the 
covered  with   that  substance.     The   gaseous  an«I   «>M). t 
ingredients  escape  fi'om  the  furnace  tnrough  a  .  d 

higher  end  for  that  purpose,  and  when  tho  rl  h 

completely  charred,  it  ia  allowed  to  rrmain  u' 
baa  groviii  quite  cold.  In  very  Inrgi?  oven*  ' 
tbif  cooling  often  occupicu  trom  two  to  tl 

irore  openeil  before  bemg  'kAuck^  ^^  i>-  ^t^^t  v^iu^^m 
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coming  m  contact  with  tbe  red-hot  cUflrcoik],  would 

jester  part  of  it  to  be  conauraed. 

!  of  the  second  kind,  i.  <?.  where  the  heat  nccesssiy  for 

ihe  chart^e  is  applied  from  without,  are  eliiefly  citiplojed 

ic  chiUToal  produced  is  considered  to  be  of  Iosh  value  than 

mid  other   vohitile  in^Tcdlents,  and  thej  are  therefore 

used  by  the  metalUirgfist  for  the  preparation  of  the  foel 

be  mav  rwjuire.     The  coniferous  woods  are  found  to  yield 

f^^f  amount  of  tar,  and  are  consequently  those  which  are 

fitly  ttuhjected  to  thii*  kind  of  distillation.    The  an-nnj^ 

'    .-»  which  both  the  tar  and  chareoal  may  be  made  available 

stremelj  various^  but  one  of  those  best  adapted  for  the  pur- 

—     '  tsof  an  iron  cylinder,  so  set  in  brick- work  that  the 

rronjjly  heated  air  escaping  from  a  fire  pfaced  below, 

le  freely  around  it.     The  wood  to  be  charred  is  placed 

ier  throuji^h  an  opening  which  may  be  cloHcd  hermeti- 

ihis   i*   done  oy   A  luted  door,  and  the  vapoura  arising 

the  distillation  are  conveyed  by  an  iron  pipe  into  a  wortn- 

where  t!io4*e  capable  of  assuming  the  liquid  farm  are  condensed. 

Ml  the  wood  in  the  retort  ceasc8  to  ppve  off  tarry  matter,  the 

"  door  L9  removed,  and  the  charcoal  withdrawn  by  lon^  rakea. 

h»'in:x  withdrawn  from  the  retort,  it  is  placed  in  sheet-iron 

1  being  fumiahed  with  cloae-tittinEf  covers,  prevent  tbe 

1  of  the  red-hot  charcoal;  and  in  these  it  i«  allowed  to 

By  a  more   recent   improvement  in  the  construction   of 

of  this  description,  the  uncondensed  gases  issuinp  from 

>d  in  process  of  charring  are  made  to  afford  the  amount 

beat  necessfiry  for  carrying  on  the  operation.     This  is  dono 

conducting   the   vapoura    w^hich   have    escaped   condensation 

passing    ihrouf^h    the    worm-tubs,     under    the    bottom    of 

rensel,  in  which  the  wood  is  heated.     When  in  this  arrange- 

it,  by  a  fire  placed  under  the  retort,   it  ban   been   raised 

certain  temperature,   and   considerable  quantities  of  com- 

ga^ee  arc  evolved,  they  become  ignited  in  coming  in  eon- 

th   the  flame  issuing  firora  the    grate,   and  thus  afford 

It  heat  for  carri  ing  on  the  operation, 

;e  quantity  of  charcoal  produced  by  the  raeiler  process 

inary  wood,  amounts  to  aboiit  22  per  cent.     When  the 

lation  is  carried  on  in  dose  furnaces,  this  quantity  is  fre- 

increased  to  27  per  c^^iit. ;  but  as  about  5  per  cent,  ia 

for  heating  the  I'umace,  this  method  in  reality  afiorda 

very  little  superior  to  those  obtained  from  the  common 

oaj  mound. 

Mr.   Mushct,  who  has  wade  a  aerieB  of  experiments  on  We 
,mjt  of  ehnrvml  Helded  by  difFerent  kinds  of  wood,  o\)t«aiie^ 


I 


152 


lUEL. 


the  anneied  results.     This  investigation  was  conducted  on  b 
scale,  ttud  the  woods,  before  being  charred*  were  thoroughly 
and  pieeea  of  each  sort  selected  as  nearly  alike  in  eveiy  res] 
possible.     One  hundred  parts  of  eacli  kind  were  emploveti, 
yielded  the  numbers  here  given. 

Lig-iiuin  \ltifn  afforded  26*0  of  charcoal,  of  a  grejish  col 
resc'inbling  coke, 

Mnhogauy  afforded  25-4  of  charcoal,  tinged  with  brown,  ^ 
and  porouii, 

Lubunium  afforded  24  5  of  charcoal,  velvet  black,  compact, 
hard. 

Cheenut  afibrded  23*2  of  eliorcoal,  p;lossT  black,  compact,  fin 

Oak  afforded  22*6  of  charcoal,  black,  clortc,  \'erv  firm* 

'Walnut  afforded  20*0  of  charcoal,  dull  black,  close,  firm- 
Holly  atlbrded  19-9  of  charcoal,  dull  black,  loor^c,  and  bulkt. 

Beech  afforded  19'9  of  charcoal,  dull  black,  gponfiy,  finn. 

Sycamore  afibrded  19*7  of  chai-coal,  ffue  black,  bulky,  modemt 
firm. 

Elm  afforded  19*5  of  charcoal^  fine  black,  moderately  firm. 

Norw  ay  Puie  allbrclcd  10"2  of  charcoal,  shining  block,  h\ 
very  soft. 

Sallow  affoitled  18*4  of  charcoal,  velvet  bkck,   bulky, 
and  Boft. 

Ash  afforded  170  of  charcoal,  shining  black,  spongy,  iirm. 

Birch  afforded  17*4  of  chaTc'oal,  velvet  bhick,  bulky,  firm. 

^cottiyb   Piue  afforded   104  of  chureoal,   tinged   with   browni 
niodorately  ftrin. 

JMcHiirii.  Allen  and  Pepys  obtained  from  100  parts  of  the  folknt' 
ing  woods,  the  tjuantitiee  of  charcoal  aa  under— 


Eirch  .  . 
Mahogany  . 
Lignum  Vitae 


1500 
15  75 

17*25 


Oak 
Fir 
Box 


1740 

1817 
20  25 


These  roeults  are  generally  lesa  than  thoae  obtjiined  by  lilui 
who  either  operated  at  too  low  a  tcinperature,  or  did  not 
HufHcient  time  for  the  escape  of  the  volatile  products. 

The  specific  gravity  of  ehareoal  varies  witli  the  nature  of  tine 
wood  from  \vhic!i  it  has  been  mauufactiired,  the  deneer  variedes 
usually  affording  the  heaviest  charcoal,  and  rice  versa.  Heufeli 
who  ha8  made  the  most  careftil  experimentB  on  this  subject,  give* 
the  following  specific  gravities  for  aifferent  kinds  of  wood-ehaK^ilt  ] 
Alder,  0134;  Birch,  U-203;  AVhite  Beech,  0*183;  Oak,  0-156;: 
Eed  Beech,  D1S7,  and  Red  Larch,  0176.  Knapp,  who  made  lufj 
experimenta  on  a  large  scale,  loxmd  l\\e  1loU<s>^\w^  wximbers  as  ' 


BROWK  CHAHCOAL.  1^3^ 

"WTT  jrTit  of  a  cubic  foot  of  various  kinds  of  wood-cbareoal,  intersticefl 
—  Bec'ch-wooil  charcoal  (split  wood)  8  to  9  lbs. ;  cbnreoal 
^    f  iKikwt>od,  7  tu  Slbs. ;  piiie  wood,  55  to  71bs. ;  uf  t!ie 
•ofter  kindi*  of  wood.  4'5  to  5*5  Iba. 

The  cliarcoal  obtained  from  wood  by  the  mettoda  above  described 
in  ni)t  pure  carbou,  as,  on  being  strongly  heated,  about  7  per  cent. 
of  rolarile  matter  may  still  be  driven  off. 

ClujTVfiu]  has  also  the  property  of  absorbing  considerable 
qtiantitieii  of  wat^r  from  exposure  to  the  air.  Messrs.  Alien  and 
Pepvfi  found  that  by  a  week's  exposure  to  a  moist  atmosphere,  the 
cbareonl  of  ■ 

Lifi^um  Yita?  gained  ♦         ,  .     0*G  [ler  cent.  I 

Fir 13*0         „  ■ 

Box    .......  11*0        „  ■ 

BeiMih 16-3         „  ■ 

Oak 10  5         „  ■ 

3Iahogany 18*0        „  I 

Beaidea  this  facility-  for  uniting  with  aqueous  vapour,  charcoal 
pOMietiiies  the  property  of  absiiorbing  a  greater  or  less  amoiuit  of 
ihe Tarious  gjn^ei^.  The  i'ollowing  tahle  by  Haiisaure,  shows  the  num- 
ber of  volumes  of  diti'ereut  gases  absorbed  iu  24  hours  by  oue 
Totanie  of  charcoal.  In  these  experiments  ein^h  piet«  was  heated 
afresh  to  a  red  hi-at,  and  allowed  to  cool  under  mercury.  AVTieu  _ 
taken  from  under  the  mercurj',  it  was  at  once  plunged  into  thefl 
w*»M*l  of  gas  to  be  experimented  on.  ■ 

Ammoniacal  gaa      ......  90            I 

llydrtK'hloric  nrid  gas 85             fl 

8ulphiirous  acid  gas         .....  65             H 

8ulphuretted  hydrogen    .....  55            ■ 

Nitrous  oxide           ......  40             ™ 

Carbouic  acid  gas    ......  35 

Bicarbui'etted  hydrogen  ,         ,        ,         ,         .  35*00 

Carbonic  oxide H'  12 

Oxygen 9'25 

Nitrogen 7*50 

Carburetted  hydrogen     .....  5  00 

Hydrogen 1*75 

Ctmrrfml.  rimrbon  Roux. — The  object  sought  in  the 
lion  of  woud  into  charcuai,  is  to  obtain  a  larger  rtmount  of 
CombMntiblo  nuitler  in  a  given  volume  of  the  fuel  produced.  One 
rabic  f<M»t  ..f  ^H'^•v\^  woud  weiglm  20 lbs.,  and^  ntler  deducting  its 
oijgi  n ,  afiords  9  lbs,  oi'  com bustible  inatleT  •,  a  c\3^y\v: 

^^-'*  '  - -4  w/ik-h  sJawst  wJiolly  couftiata  of  coii\\>u&V\\>Vvi 
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matter,  weighs  12  lbs»,  and  it  is  therefore  cvideat  that  a  ^veli 
volume  of  cTmrcoal  will  pos&esa  a  heating  power  8unerior  to  that 
of  the  wood  from  which  it  is  maile,  in  the  proportion  of  -li  to  3. 
It  doea  not,  however,  follow  from  tliia  circumstance,  that^  to  obtain 
the  liwgeat  possible  amount  of  combustible  matter  in  a  given 
Bpace,  the  carbonisation  should  be  carried  to  its  fuUe»t  extent, 
Berthier  was  the  first  to  call  attention  to  this  point,  and  Sauva^, 
who  IijIIy  inTeatig;ated  the  subject,  hiw  proved  beyond  a  doubt 
that  the  charring  process,  if  carried  too  far,  is  attended  with 
decided  loss.  In  his  experimenta*  5  enmd  parts  of  air-dried  wood 
were  succeBsively  charred  in  the  same  lurnace,  and  in  each  experi^ 
ment  the  earbonlsatiou  was*  arrc'sted  at  a  diHerent  inten'aJ*  for 
the  purpose  of  examining  the  products  obtained,  both  with  rei^ard 
to  their  state  of  carbonisation,  and  also  their  loss  of  weight 
and  bulk. 

From  this  examination  he  ascertained  that  if  one  cubic  foot  of 
wood  containa  an  amount  of  combustible  matter  represented 
by908.»— 

1  cubic  foot  charred  during  3  houra  will  contain  883'  parts. 

1-  j»  I*  '*  u  tn.Hs'        ^, 

1  .,  «  5  „  1183'  „ 

1  „  „  5i  „  1091*  ., 

1  „  „  (JJ  „  1136-  „ 

1  „  Mound  charcoal  „  lOGJ)'  « 


I 


On  inspecting  the  table,  it  ia  evident  that  the  weight  of 
hustible  matter  contained  in  a  f^iven  quantity  of  fuel  i«  not  in- 
creased after  the  fifth  hour,  and  that,  if  the  charring  be  prolong€<l 
much  beyond  that  time,  a  considerable  loss  is  sustained.  It  cod- 
aeouently  follows  that  the  proceaa  may  be  advantngeout<ly  am!:»ted 
before  the  wood  bpcumes  thoroughly  converted  into  charcoal,  and 
that  the  point  BhouJd  be  nought  at  which  it  contains  its  majiinmm 
amount  of  combustible  matter.  In  France  and  Belgium,  thia 
dried  wood,  or  charbon  roux,  is  extensively  employed,  and  is  pre* 
pared  by  a  kind  of  mound  carbouisation^  but  in  wliich  a  Homewhrt 
diffei'eut  principle  ia  employed.  The  heap  in  which  the  wood  is 
placed  ift  a  lengthened  pile,  covered  with  earth,  erected  over  s 
kind  of  channel  passing  through  its  axis,  This  is  covered  with 
iron  plates,  and  at  its  outer  extremity  a  fire  is  placed,  the  belted 
air  ot  which  is,  by  means  of  a  ventilitn  '     to  pa*j»  up  tho 

channel,  and  from  thence,  throuL^h  ah.  1  slot  in  the  iron 

pittte,  which  covers  it,  into  the  ^  t, 

Tho  charring  of  the  mound  ted  by  itn  outer  eofirring, 

ao  thai  when  it  i^  de^irtnl  Ui  t.lcvuu:  tho  tcmpcraiuiv  in  waf 
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[  localitT^  the   eArth   iii   removed   from   the  part,  aod 

I   tKua  allowed  to  pa«8  in  that  direction,     tf,  OQ  the 

rliODJaatiou  ie  ioiind  to  proceed  too  rapidly  in  any 

I'.  ..,-    ..„juiid,  the  coYeriug  is  thickened  by  the  addition  of 

III!  n    earth,  and  the  action  of  the  fire  thus  deadened.     It   is 

oi  :int  that  this  procetjs  it*  regulated  by  the  same  means,  and 

;^  ^  -  rned  by  the  BJitne  principlej*,  as  the  ordinary  mailer  carboni- 

'    ^  -T^ii  experience  is  required  on  the  part  of  the  work- 

'  obtain  the  largest   and  at  the  same  time  the  most 

uniKrmi  resuiiK.      The    adoption   of  charbon   roui,   instead    of 

ihvDoal,  effects  a  con^idcniolc  saving  of  wood,  and  is  on  that 

ircount    fr<>quently  adranta^eoua  ;  but  it   is  found  in  praetioe 

extrcixely  ditiicuJt  to  obtain  it  of  a  perfectly  uniform  quality,  and 

i»  on  thisi  point  it«i  equality  of  action  entirely  depends,  the  work* 

mg  gf  the  fumacea  where  it  ia  employed  is  Uable  to   become 

frequently  deranged. 

The  workmen  who  attend  a  furnace  can  have  no  ^ide  in 
nuking  up  their  charges  il*  the  quality  of  the  fiiel  i»  continually 
ekanguii^^  and  consequently  the  manufacture  of  cliarbon  roux 
rwjuires  to  be  conducted  with  much  ^;reater  care  than  is  necessary 
in  making  ordinary  charcoal,  ae  in  the  one  case  the  problem  soucht 
is  the  complete  carbonisation  of  the  wood  at  the  smallest  possible 
nrrUu.'^  of  fuel,  whilst  in  the  other  the  charring  should  be  arrested 
M  toon  aa  the  fuel  has  attained  its  maximum  calorific  value ;  and 
ii  nothing  but  care  and  experience  can  enaure  thia,  the  proceeB 
bioQED^  one  of  considerable  difficulty. 

Poftt  Chmrcoai,  or  Peat  Coke. — The  charcoal  obtained  from 
pait  is,  as  far  as  ita  heating  power  is  concerned,  a  valuable  fuel, 
oat  it  is  nevertheless  subject  to  disadvantages  which  prevent  ita 
spplication  to  ordinary  purpose*.     In  the  firat  place,  this  substance 
pajerally  contains  from  10  to  21  per  cent,  of  ash,  and  yields  from 
2i  to  'iO  per  cent,  of  charcoal,  which  must  therefore  produce  a 
f&y  livge  proportion  of  ash,  and  is  thus  rendered  entirely  useless 
m  niAay  operations  to  which  it  might  otherwise  be  advautageouely 
t^ied.     If  we  suppose,  for  example,  that  a  variety  of  peat  con- 
tuna  10  per  cent,  of  mcombustible  matter,  and  onJy  affords  25  per 
cent,  of  coke,  it  is  evident  that  the  coke  thus  produced  would 
contain  no  less  than  40  per  cent,  of  ash,  which  would  render  it 
nnflt  for  many  of  the  puqioaea  for  which,  if  it  were  more  free 
from  M»\Lf  it  might  be  employed.     Besides  this,  it  is  found  impos* 
•iWe  to  transport  peat  charcoal  to  any  considerable  distance  from 
Hw  ^]mce  where  it  is  prepared,  for,  being  extremely  friable  and 
bntile,  it  soon  falls  to  pieces,  and  is  thereby  rendered  entirely 
vorthteeak   In  smelting  furnaces,  where  it  has  to  sostAin  the  ^e\^Vsfe 
Of  tin)  efa«29B9  wlueh  may  he  above  it  in  the  series,  tUa  chatcoo^ 
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^wso  found  to  cnimWe  nnd  choke  the  blagt,  and  it  can  therefofB 

Vt}e  oiily  employed  under  steam  bnilere  or  in  forge  tire?i,  fl 

neiier  pwjcrwii.^From  the  eireumatAuce  of  peat  being  cut  vH 

the  tbrm  of  rectauLculiir  bricks,  it  ftdmits  of  bein^  piled  so  as  tfl 

I  leave  but  few  interstices  between  the  blocks ;  and  from  being  leM 
readily  conibusiiblc  thiin  wootl,  the  heaps  in  which  it  ia  pi^| 
pared  require  a  less  perfect  covering,  and  may  be  built  of  ■ 
Bmaller  size.  The  mounds  e^enerally  employed  for  making  P<*lfl 
charcoal  consist  of  from  70(>  to  10€0  bricks,  which  are  placed  ifl 
heaps  of  from  G  to  7  feet  in  diameter,  and  4  feet  in  height.  After  J 
proper  situation  haa  been  selected  for  the  mound,  a  poat  is  finuH 
driven  in  the  grouiul,  and  around  this  the  blocks  of  turf  are  phunfl 
in  concentric  rioj;s.  At  the  bottom  of  the  meiler  four  chano^H 
are  made  of  the  thickness  of  a  bricks  for  the  purpose  of  Bdin||j|fl 
air  into  the  arrnngemeut.  These,  which  are  at  right  angles  d^^| 
other,  commence  at  the  central  stake,  and  terminate  at  the  p3H 
phery  of  the  circle  described  hy  the  base  of  the  mound,  and  are  Bufl 
sequently  used  for  regulating  the  rapidity  of  the  carbon isatio™ 
AViien  the  peat  has  been  properly  arranged,  the  meiler  is  fiffl 
covered  witn  earth  or  charcoal  dust,  which  is  well  packM 
down  to  exclude  the  air.     Borne  chrj  wood  for  igniting  the  mafl 

■  is  then  jilaeed  at  the  bottom  of  the  stake,  and  the  fire  is  coij 
municated  through  one  of  the  chambers  before  described.  Ifl 
the  alternate  opening  and  shutting  of  these,  the  combustion  fl 
equally  eftected  in  all  the  parts  of  the  mound,  and  as  soon  tm 
flames  begin  to  appear  from  the  crown  of  the  heap,  which  fuffl 
email  space  aroimd  the  stake  in  lel^  uncovered,  the  opening  9 
closed  witli  tiirf  and  eartli,  and  the  completion  of  the  charring  M 
then  accomplished  by  means  of  holea  made  all  round  in  tH 
covering,  which  commencing  near  the  top  are  brought  down  by  fli 
inches  at  a  time  until  they  reach  the  bottom  of  the  heap.  In  thir 
process,  like  that  of  charring  wood,  the  progress  of  the  operation 
18  known  from  the  colour  of  the  smoke  evolved.  Knapp  stain 
the  produce  in  charcoal  of  the  mounds  examined  by  him  to  hifl 
been  as  follows  :  — 

^^  OiBTe  p.  c.  G«Te  p.  a, 

^^  in  weight,  in  volume. 

^m  Peat,  not  completely  aip-dried    .    .    ,     ,    24    .  .    27 

■  Peat,  air-dried 27     .  .    32i 

■  Peat,  from  Pfungstadt,  very  dry  ...  30  ..  29 
^H  Peat,  of  good  (|uality,  quite  dry  .  .  .  35^  .  .  49 
^m  From  the  distnct  of  Siegen,  very  good  peat  28     .  .     40 

I     The 

Hio  cot 


The  peat  is  withdrawn  from  the  mound  after  it  has  been  alla^ 
to  cool  down  to  a  proper  temperature^  i 
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for  Quenctiine  it  if*  objectiouable,  on  account  of  the  facility  with 
vhien  the  "  'oke  becomes  reduced  to  powder.     The  amount 

of  charcoal  .1  by  peat  when  the  eiperimeDts  are  made  on 

a  small  *ealr,  is  usually  i^eater  thau  those  above  ^veii,  as  there  is 
theu  less  loan  sustained  from  the  crumbling  nature  of  the  product. 

Charrlnif  In  Oiretift. — Although  the  products  obtained  from 
earboni?iation  in  furnaces  are  not  greater  than  those  yielded  bv  the 
•  rdiniiry  meiler  procesjs^  yet  the  supply  of  air  and  the  rapidity  of 
eliuiTiog  lire  more  eaaily  regidated,  and  consetjuently  the  operation 
is  more  cheaply  executed,  when  oveua  are  employed. 

One  of  the  be*t  forms  given  to  these  i'urnaces  is  that  used  at 
the  manufactof}'  of  arms,  at  Oberndorf»  in  Wirteraberg,  where  it 
!i;i-  V'cen  constantly  used  for  the  last  ten  years. 

I  <  *e  funiaces,  whieh  hav*  ttie  i'orm  of  an  upright  cylinder 
'.<  :  I  in  height,  are  closed  at  top  by  a  circular  arch,  in  whicli  an 
:  J '  riure  i»  left:  for  the  eonyeuience  of  charting.  This  cylinder  is 
■' ;  t*  «'t  in  diameter,  and  has  a  fin  -brick  lining  15  inches  in  tliiekuess, 
Tfiir  Iti  Burrouuded  bv  the  same  thickuess  of  sand,  which  in  euelused 
between  the  lining  and  another  1.5-inoh  wall,  so  that  the  entire 
tiiicknc^s  of  the  ^and  and  walls  together  in  45  inchee.  Above  the 
floor  of  the  funiat^^e  are  three  tiers  of  air*holes  made  by  ini^erting 
piece?  of  nuisket  barrelai  in  the  wall,  and  which  may  be  closed  by 
I  pera  from  tho  outaide. 

!  »r  fur  drawing  the  charcoal  is  placed  on  the  level  of  the 

Idle,  and  closed  by  an  iron  nlah,  agiiiust  wliich  Bome  smul  is  thrown 
for  the  purjjose  of  excluding  the  air.  On  charging  the  furnace,  a 
dbannel  ia  left  through  its  axis  for  the  purpose  of  ignitiug  its 
cootent«,  which  ia  done  by  throwing  some  lighted  chaixual  down 
the  i'himney  thus  made.  At  the  conmvenceiueut  of  the  operation 
both  the  charging-hole  and  lower  vent-holes  are  left  oj>en,  but  as 
BOon  an  the  peat  becomes  white-hot  the  former  is  sliut  by  an  iron 
plate^  and  covered  with  sand.  The  lower  air-holes  are  at  the  same 
time  closed,  and  those  wliich  are  placed  next  above  tliem  opened. 
Wlicu  all  smoke  has  ceased  to  be  given  oil",  the  whole  of  the  nper- 
turt^  must  be  closed,  and  the  furnace  and  its  couieuts  are  allowed 
to  cool  together.  The  coking  process  is  usually  cotijpleted  in 
from  thirty  to  forty-eight  hours,  but  the  furuaee  ia  seldom  tit  to 
draw  in  less  thau  six  or  seven  days  after  closing  all  the  air-holes. 
For  this  reason  a  scries  of  ten  furnaces  are  employed,  in  order  to 
allow  uf  one  being  chaj'ged  and  another  drawn  every  day. 

Instead  of  efl'ecting  the  coking  of  one  portion  of  the  peat  at  the 
i,>e  of  another  part  which  is  consumed  in  the  same  furnace  to 
fi   the  necessary  elevation  of  temperature,  it  is  sometimes 
Mibjected  to  dry  distiljiitioii  in  a  kmd  uf  retort  specially  iwinY^te^. 
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to  that  purpose.  At  Courcy  sui*  Ourcq,  near  Meaiix.  a  weIlK?OD- 
structeu  uppanitiis  of  this  kiiiil  is  employed.  Fig.  85  is  a  sectioual 
view  of*  tLis  iLrrmigeiuent ;  a  is  the  cvlin* 
drical  coking  (.'haniber,  the  waUs  of  which 
are  heated  l>y  the  flame  and  liot  air  pushing 
through  the  intermediate  flue  A.  This 
space  itself  is  divided  by  partitions  of  firc- 
tilea  into  three  stages,  thro  ugh  the  upertupp« 
of  wliich,  the  hot  air  from  the  fire  r  adccnda 
and  heats  the  coking  chamber.  In  f  irder  U> 
avoid  loss  of  heat,  a  cylindrical  hollow  spnct* 
d  is  left  in  the  out^r  wall  of  the  kiUi,  which, 
being  constantly  fill!  of  stagnant  air,  tendiito 
prevent  the  cooling  of  the  furnace.  The  peat 
is  introduced  through  the  opening  atyj 
which,  as  soon  as  the  charging  in  tinihhed, 
is  closed  by  an  iron  plate,  and  thickly 
covered  with  a^hes  or  sand.  The  flue  from 
'  tlie  fire-place  opent*  above  this  aperture,  and 
its  outlet  18  provided  iinth  a  moveable  iroa 
cover  j^,  m  which  there  ia  a  hole  for  the  escape  of  the  gasea.  The  aole 
of  the  kiln  consists  of  an  iron  plate  A,  which,  being  attached  to  the 
iron  rod  i  may  be  witlidrawii  or  replaced  at  pleasure.  When  the 
carbonisation  is  completed,  this  plate  is  withdrawn,  and  the  char- 
coal allowed  to  faU  iuto  the  chamber  placed  below.  The  volatile 
products  which  arc  generated  during  tlie  process  are  carried  off 
by  the  pipe  /,  and  conducted  into  a  condensing  apparatus. 

The  gases  which  escape  from  this  are  conveyed  by  n»etidlie  pipes 
into  the  fire-place  c^  aad  being  there  consumed,  yield  n  p.^riion 
of  the  heat  necessary  for  carrying  on  the  operation.     T'  ta 

of  charcoal  obtained  from   this  iurnace  are  hirger  tha*,  pj- 

duced  by  the  methods  before  described,  but  from  the  -  'h 

it  receives  in  falling  from  the  retort  to  tlie  chamber  L   i,  „.^,  it 
frequently  becomes  much  broken,  and  is  thereby  rendered  to  a 
certain  extent  less  valuable  than  if  obtained  in  Jarger  massea. 
Cbmrrlnir  of  Broira  Coal, — BrowB  coal  is  of  all  kinds  of  fuel 

..  hy 

Mo 

t> 

:.d 

a 


the  least  adapted  for  carbonisation ;  for  idthough  it  is 
heat  in  the  same  way  as  wood,  and  produces  n  less  » 
charcoal,  yet  it  is  subject  to  inconvenieDces  which  reij 
duction  from  this  substance  too  costly  for  gt^nend   ; 
Lignite,   liko  peat,   contains    a   large    i 
thi»i  piT-centage  will  nec*?s3arCy  be  mur 

"        I  than  in  the  coal  froHi  which  it  m  umde.      11 
*    which  the  charcoal  would  have  to  cJinker  l 
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pfeventa  ita  being  used  for  many  purposes  for  wliich  a  fuel  of 
greater  purity-  coiucl  be  employed.  In  additioo  to  this,  the  action 
of  heat  CAuaes  the  layers  and  concentric  rings  which  ai^e  scarcely 
perceptible  in  tlie  Jignite  to  senumte  from  each  other,  and  the 
duuvoal  manufactiu*e(l  is  thereby  either  reduced  to  such  sniaJl 
fiagmentt!  a«  to  be  of  little  service  sm  a  fuel,  or  is  rendered  so  ex- 
tremely friable  as  to  be  unable  to  bear  carriage  even  to  a  short 
distance  from  the  locality  where  it  is  produced.  The  carbonisa- 
tioD  of  lignite  in  mounds  is,  however,  carried  on  on  a  sipall  scale 
ID  the  nei^hbonrhood  of  Cassel,  but  the  Hituations  where  tliis  can 
be  done  with  advantage  are  far  from  numerous. 

The  following  results  were  obtained  by  heating  pieces  of  brown 
ooaI  in  clo»e  crucibles  until  all  traces  of  their  volatile  constituents 
eeased  to  be  evolved ;' — 


100  PHfts  of                                                 GttTe  of  cbarooil  i 

Ejirthy  Coal  from  the  Basses  Alpes    .     .     .     ,     .  48  5 

Lignite  from  trrcece a8'9 

„          Friettdorf 282 

„         IcoLiud 57'5 

^          AuBzig 401 

„          Orsbcrg G2'8 

„         Hcgendorf 41'2 

„         Sto«>zchen    . 29*1 

„          Piitzchen 464 

447 

I,         Nenndorf 384 

„          Couluug 38-1 

„          Jahnadorf 32'8 

„          Hortenberg                      37  2 

346 

„          Kanden  .     ,     .                               .     .  37-5 
PitcK  Coal  from  Reiclmeuu                                      .38*1 

.  29-3 

Altsattel 40%3 

Lignite  from  Viniu      .     .     ,     .     - 35"6 
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TIjr  rfrmbustible  peeidue  which  remains  after  the  volatile  con- 
'f  pit-coal  have  beon  eliminated  by  the  action  of  heat,  is 
<_•,     lu  making  this  substance,  as  in  the  manutkcture  of 
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charcoal,  one  of  the  objects  sought  ia  the  production  of  a  fuel  which 
shall  oontaiu  iu  a  given  bulk  a  larg^er  amount  of  eombust"* 
matter  than  exiata  in  the  coal  from  which  it  ia  obtained. 

Good  coke  ahould  also  possess  sufficient  solidity  to  eual>' 
uithatand  the  pressure  of  a  sineltiiiijj  fiirnace  without  ci 
and  m  of  little  value  unless  obtained  in  lai'g-e  pieces  not  1 
crumble  and  form  dust.  From  the  difterence  observed  in  t 
perties  and  composition  of  coals,  it  is  evident  that  all  can 
fitted  for  the  manuiacture  of  coke,  and  it  is  therefore  nect- 
fielect  sueh  as  yield  that  he^^t  adapted  for  the  purposes  of  the  uxUk. 

Sand  coal,   from  the  triable  nature  of  the  coke  which   it   pro^ 
duces,  is   not  adapted  for   this  purpose ;   whilst  if  a  too   easiljf 
caking    variety    be   employed,    it   is    found   to   yield   a   sT>Mnsrf 
coke  very  liable  to  crush.     This  arises  from  the  comprcs 
the  bUstera  which  are  formed  in  the  softer  cual  by  the  t 
leases,  and  a  coal  should  therefore  be  chosen,   which,  ai 
less  brittle  than  the  sinter  kind,  ia  leas  liable  to  melt  ou  I.. 
than  that  commonly  known  hj  the  name  of  caking  coal. 

Thy  nature  of  the  coke  produced  from  any  particular  variety^ 
coal  is  also  considerably  influenced  by  the  method  of  its  pi-ei 
tion,  as  well  as,  in  a  certain  dep^ee,  by  the  nature  and  amoimj 
the  ash  existing  in  the  coal  from  which  it  ia  manufactii 
Coke  which  has  been  made  in  large  quantities  at  a  time  ia  iisi 
better  than  that  manufacturt^d  on  a  more  limited  scale,  aa, 
the  weight  of  the  mass  operated  on,  the  product  will  be  m*»r 
pact  than  when  smjdler  nuautitiea  are  used,  whilst,  from  tin 
temperature  obtained,  the  volatile  ingredients  will  be  mure  iici^ 
fectfy  driven  off.  When  the  ash  contained  in  the  coal  ia  fusible, 
it  melts  and  forms  a  kind  of  cement  for  the  particles  of  coke, 
which  is  thereby  rendered  more  compact,  and  less  liable  to  Iw 
crushed  by  pressure. 

From  the  circumstance  of  coal  being  constantly  raised  in  tihe 
same  localities,  the  manufacture  of  coke  is  usually  carried  on  in 
stationarv*  apparatus,  but  from  its  being  but  slightly  intlainmablcv 
and  requming  a  good  ilranght  to  effect  the  combustion,  it«  produc- 
tion even  in  the  open  air  becomes  an  eivsy  operation. 

mrbonKatlon  In  Hcnpn. — The  earliest  method  of  manufacturiiijg 
coke,  and  one  whicli  is  still  employed  in  the  present  dnr,  ii 
the  carbonigation  in  heaps.  When  this  process  is  employ eti,  no 
external  covering  »>f  the  ruound  ia  used,  antl  the  cokings  which  is  at 
first  carried  on  with  free  access  of  air,  ia  finally  checked  by  the 
application  of  a  coating  of  breeze  or  earth  wlieu  the  coke  hM 
already  been  produced.  The  coke  meiler  is  always  erected  on  the 
snme  station,  which  suon  beeoines  eovcrt^d  with  a  suilicieiit  amount 
of  brevze  tor  the  puqioae  fot  n\\i"\c\i  '\\»  v*  \iAeA.. 
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TnHt<»aJ  uf  ttiakiiig  round  heaps  like  the  ordinary  forest  meiler, 
•  •  production  of  clitircoal,  a  long  rectangular  mass  is  generally 
1  '    as  by  this  means  a  much  larger  amount  of  coal  can  be 

«  11  at  one  time.     The  length  ot  these  pilea  ia  frenuently 

Irrttii  i.:m>  to  200  feet^  and  in  order  to  ere^t  them  a  line  la  firat 
ftrrtched  in  the  direction  of  the  axis  of  the  heap  throughout  the 
wbale  length  of  the  coko  station,  Lar^ife  pieces  of  coal  are  now 
pUced  on  either  side  of  this  string*  so  that  by  coming^  together  at 
the  top  thev  form  a  kind  ol'  triangular  gallery,  runniug  the  whole 
leu^h  of  the  intended  mciler.  In  making  this  central  channel, 
H  u  of  importance  that  the  fragraejits  should  be  so  placed  as 
to  be  upright  with  relation  to  the  layers  of  deposition,  whils^t  the 
fiacttired  surfiieea  must  be  placed  at  right  angles  to  the  axis  of  the 
meOer.  A  second  series  of  blocks  of  coal  is  then  placed  on  the 
int,  and  these  are  again  covered  with  others  similarly  arranged, 
Vllt  of  graduaUv  decreasing  size,  until  the  heap  has  attained  a  width 
iff  8L1  feet  on  either  side  of  the  central  channel,  when  the  whole  is 
(vnvrt'd  Kith  a  coating  of  smaller  coal  about  two  feet  in  thickness, 
is  arranged  without  any  regard  to  its  stratiiication,  although 
'  t'U^'tx  that  the  larger  fragments  be  placed  on  the  sides  of 
ti  ',  the  top  being  covered  with  small  dust  only.     In  order 

t  he  heap,  stakes  are  driven  at  regular  intervals  of  two 
he  top  of  the  pile  to  the  central  carnal,  and  these  being 
•  iiii'iriAMi  leave  a  series  of  chimneys  into  which  biUTiing  coals 
Jin-  irjtnxliiced  The  fire  is  thus  communicated  to  tlio  mass  in 
m  muDy  points  at  the  same  time,  that  ignition  soon  becomes 
^vnrrml,  and  the  coking  commences  tlirough  its  whole  extent. 

"  '  'ou  in  charge  of  the  operation  has  now  to  prevent  the 

jt  1   advancing  too  far,  and  as  soon  as  he  observes  that 

thkk  muoke  mid  flame  have  ceased  to  be  evolved  from  any  iiarti- 
mlmr  paul  of  the  mound,  and  also  that  it  begins  to  get  covered 
vitii  m  coating  of  ash,  he  immediately  prevents  any  further  action 
by  CLrrering  the  flame  witli  breeze,  which  being  closely  packed 
diHm  prevents  the  entrance  of  air,  and  quickly  deadens  the  fire. 
Aj  ihe  coking  advances  tliis  is  repeated  until  the  whole  heap  is 
COVenid  down*  when  it  is  allowed  to  remain  two  or  three  clays 
ta  eooj^  ciir*?  being  taken  to  supply  it  with  a  thicker  covering  on 
tike  tide  which  is  exposed  to  the  wind  than  on  that  which  is  oppo* 
iHe.  When  the  tire  is  nearly  extinguished  the  coke  is  withdrawn 
md  aub^eauently  cooled  by  the  use  of  water.  This  method  of 
ttflkiDg  coke,  although  eitremely  simple,  is  fiir  from  being  cco- 
fcn^fi*^^.  for  iniismuch  as  the  charring  commences  on  the  outer  and 
C"  Ts   of  the  mound,  and  then  graduidly  procctida  to^N^vrda 

t'  and  lower  poriioniJ,  it  follows  that  the  livirfaee  (\^  \Xw 

kap  u  ciJ^rtl  bvfore  the  cvutral  purtts  are  reached,  but  \s\ii<;\v  uwif^ 
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he  fully  charred  before  the  air  can  be  excluded,  Tbe  outside  d  \ 
the  meiler  is  therefore  bummg  to  waste  without  the  possibility  M 
its  being  prevented,  and  the  central  portions  are  but  little  act«don:f 
at  the  sjiiiie  time  thnt  the  surfiicea  are  being  uselessly  conauuied. 

Coking  In  MciuniiN. — A   more   eeonoraicjil   method   of  mat 
coke  than  the  one  whith  has  just  been  deacTibed,  is  that 
aented  in  the  anncied  woodcut,  Fig,  S6.     A  chimney  of 

three  feet  di« 
at  bottoiTi  h 
built   V. 
on  the  > 

tended  meiier  S^ 
The  brick  work 
this  flue  has  n  ni 
her  of  holes  6,  mauii. 
by  here  and 
leaving  out  a 
and  the  upper  part,   which  is  enclosed  with    solid   work 
short   distance   near   the  top,    is   pro\nded  with  an   iron 
Aroiind  this  chimney  the  coals  to  be  coked  are  placed  in  a  ^ii 
inclined  position ;  the  largest  masses  are  piled  nearest  the 
of  the  niound,  and  the  dimensions  of  the  other  pieces  gndi 
reduced  towards  the  outiaide  of  the  heap.     A  meiler  of  tT 
is  generally  about  2a  feet  in  diameter,  and  4  or  5  feet  if) 
and  when  completed  its   surface  ia  covered  with  a   com 
breeze  four  or  live  inches  in  thickncBii,  which  ia  well  pack». 
for  the  pur[>oso  of  excluding  the  air.     A  shovel  fuU  of  bi 
coals  is  now  introduced  thrtmgh  the  perpendicular  chimney, 
soon  communicates  with  the  heap  through  the  various  n.ne 

6,  and  the  mam  gradually  beconiea  ignited,  beginning  trom  

bottom  and  centre,  imd  from  thence  ajircading  in  the  direction 
of  the  covering  of  eindei-s.  Openings  made  in  the  foot  t>f  iht 
meiler  admit  of  a  certain  quantity  of  air  pasBing  through  and 
escaping  by  the  chimney.  At  the  expiration  of  four  or  li\c  day« 
the  lire  will  have  reached  the  covering,  \\hich  then  becomes  r«l 
hot.  The  top  of  the  chimney  ia  now  closed  by  an  iron  plate, 
and  the  apertures  at  the  foot  of  the  pile  are  at  the  same  time  shut 
by  a  little  coke  du^t  tightly  compressed.  After  being  allowed  to^ 
remain  for  two  or  three  days  the  coke  will  have  suiliciently  cooled, 
and  may  be  then  drawn  and  quenched  with  water. 

Tn  some  localities  no  covering  h  applied  to  these  meileri,  and 

when  the  burning  coals  are  thrown  mto  the  central  aperture,  the 

combustion  i»  carried  on  by  the  air,  which  on  all  sides  entere 

freely  through  the  cixnicea  occurring  between  the  fragment ^  if 

coul  of  which  the  heap  ia  com\Kiaei..    \i\w\i  tai^  ^^^  ^^  '• 
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1<0 


Knmd  becomes  coated  with  ash  it  is  immediAtelj  covered  with 
teeze  to  protect  it  from  further  action,  and  as  soon  aa  the  whole 
ar&ce  is  thus  attacked,  the  iron  plate  is  placed  on  the  top  of  the 
bimney^  jind  the  moimd  allowed  to  cool, 

IBt"  this  method  a  ieaa  per-centage  of  coke  is  produced  than  ii 
Hlied  &om  that  now  to  be  desciil^d ;  but  it  has  still  one  adi 
PFoTer  the  ordinary  heap — vii.,  that  the  coking  proceeds 
w  centre  towards  the  circumference,  which  is  not  the  case  in  the 
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In  •vena. — The  foregoing  methods  of  making  coke  are 
[y  becoming  superseded  by  oren  coking,  and  this  more 
irticularly  in  those  localities  where,  the  price  of  coal  being  high, 
becomes  a  matter  of  importance  that  as  small  a  portion  as  poa- 
hle  be  lost  duriug  the  operation.  The  furnaces  uaed  for  the 
hoductioa  of  coke  are  invariably  heated  by  the  combustion  of  a 
wtion  of  the  fuel  with  which  they  are  charged,  and  not  at  the 
EpeEDse  of  a  distinct  quantity,  specially  consumed  in  a  separate 
»-plac*e,  for  the  purpose  of  roiaing  the  temperature  to  the  re- 
limte  degree. 

When,  on  the  contrary,  eoal  is  charred  in  order  to  obtain  the 
Incts  of  its  distillation,  and  the  coke  made  is  onl] 
TflB  a  secondary  product  of  the  manufacture,  the  o] 
carried  on  in  dose  vessels  heated  by  distinct  fire- 
this  case  the  coke  prcniuced  is  spongy,  and  cousequenilj 
iuie  unfit  for  metallurgical  purposes. 

The  ovens  employed  for  the  manufacture  of  coke  vary  so  mi 
I  form  and  dimensions  that  it  would  be  impossible  here  to  g 
In  a  brief  description  of  all  those  which  are  in  general  use ;  nut^ 
Bffinciple  involved  being  the  same  in  all  cases,  it  will  be  suffi- 
|R  to  explain  the  construction  and  management  of  some  of  those 
O0t  firequeutly  employed.  Pig,  87  represents  a  coke  furnace  of 
TCfT  common  form.  The  cavity  of  the  oven,  which  is  about 
feet  in  dLimeter,  and  3  feet  (5  inches  in  height,  is  internally  lined 

t fire-bricks  well  jointed  in  refractory  clay.     The  form  of  the 
ce  closely  resembles  that  of  a  compressed  bee-hive,  and  at 
f  the  dome  is  a  circular  aperture  or  chimney,  a,  which  can 
1  by  an  iron  plate.     A  slightly  arched  d<x>rway  of  about 
^  £idet  6<iuare  is  alno  lefl  at  b  for  the  purpose  of  charging  the 
Wn  and  withdra\^^ng  the  coke.     This  opening  is  strengthened 
f  a  heavy  cuat-iron  framing,  c,  which  is  built  into  the  brick* 
ork  and  secured  in  its   place  by  iron  girders.     Where  large 
lantities    of  coke  are  manufactured  these    ovens   ape    placed 
hit-  t4.  back  in  double  rows,  with  a  aenen  of  charging  doQrt 
io  of  iheloiT^  mass  of  masonry  which  ftUrro\iu<ift  \V 
^^„_2,ne  of  /  9/ /i  /v  about   three   ton£   of  codis,  '^Wk 
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thrown  into  them  through  the  door,  &,  and  as  this  is  done 
diatelj  after  the  Tftithdrawal  of  the  former  chiirge,  and  whilst 


--^=*r^ 


yyj.r 


i 


*-jk;-»j- 


87. 

own  is  still  extremely  hot,  the  coal  aoon  begins  to  giTC  off 

quantities  of  iuflanimable  gases,  which  escape  through  the  aj 
in  tlie  t-op  of  the  dome,  WTien  the  charging  is  finished, 
doorway*  K  is  chiserl  by  fire  bricks  loosely  piled  up»  but  the 
has  still  free  access  into  the  furuace  thn>u<irh  the  openings  U  ^ 
the  stopping,  whieli  supplyitii;  the  neeossarv  oxvjijen  to  the  ^ 
evolved!,  they  aonn  i^ite,  and  the  temperature  of  the  oven  aii< 
contents  is  rapidly  rainied.  At  the  expiration  of  three  boi 
lower  holes  in  tlie  loose  brick  wall  are  closed,  to  prevent  the 
of  too  much  air,  which  still  finds  its  wny  throu^n  those  which^j 
aboye,  and  escapes  by  the  chinirjey.  In  some  instances,  ii 
cloaing  the  charge  hole  with  loose  bricks,  an  iron  door  lined 
tiles,  and  provided  with  draught  holes,  is  employed*  These  awl 
successively  8toj)ped  by  lumps  of  clay,  and  when  it  is  requit^ 
to  exclude  the  air  entirely,  it  is  done  by  applying  a  sheet  ot  iron 
against  the  bricks,  aud  luttng  the  edges  witii  clay. 

In  tweut\'-four  hours  after  charging,  the  upper  holes  are  fdm 
closed  by  plastering  theui  over,  and  the  furnace  is  allowed  to  nv' 
main  twelve  hours  with  the  chinmey  open,  during  which  timethw^ 
remainder  of  the  gaseous  matter  is  expelled  by  the  heat,  and  pawn*-' 
off  in  flame  by  the  opening  in  the  dome.  Wlben  the  flame  ' 
from  the  chimney  ceases,  which  usually  occurs  at  the  exj 
ofauother  twelve  houris,  it  is  covered  with  an  ir»ut  plate  niaile 
bjr  a  layer  of  sand,  and  the  v.\\q\©  \a  tii\o>K<i^  W  «Xi5lu5i  Ici^ 
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- .  fiir  the  purpo«e  of  modeimtmg  the  be^t  of  the  fuiuMe 

if  fortj*ei^Kt  hours  from  the  time  of  charging, 

tlyeool  to  admit  of  drawing,  and  the  door 

<ut  esuiitng  much  loss  bj  the  burning  of 

111..,.        \  Ltrge  irou  shovel,  d,  called  a  pellet  suspended  by 

I  P   I .    .»t  .  iiain  to  the  crane»  e^  w  now  thrust  between  the  coke 

II  i  ;be  bottom  of  the  oren,  and  as   the  weight  on  the  blade 

'  '•  supported  bj  the  crane  which  turns  on  ita  aies,  a  large 
he   taken   out   with   but  little   exertion   on   the  part 
kman.     The  swinging  of  the  small  iron  crane  enaolea 
to  place  the  belted  coke  on  any  part  of  the  pared  floor 
circle  described  by  its  extreme  end  and  the  point  of 
and  aa  soon  therefore  aa  it  10  withdrawn  it  is  strewed 
-^  ground,  and  rapidly  cooled  with  water.     When  it  ia 
<  d  and  has  become  nearly  cold,  it  is  taken  up  in  a 
11,  j^,  and  transported  by  means  of  iron  wheel-bairowa 
"C  place  where  it  is  stacked,  or  to  the  furnace  in  which 
led.     The  grated  shovel  is  used  to  separate  the  broese 
rirge  coke  ae  the  former  falls  through  the  inter?a]]i 
n  the  bars,  so  that  the  latter  only  can  he  taken  up  and 
1   in  the  barrows.     Iron  is  used  in  preference  to  wood  for 
4  the  coke  barrowa,  both  on  account  of  ita  being  inoom* 
le»    and    also    because  wooden  onea  would  soon  become 
ved  by  con.<)tant  friction  against  the  hard  and  rough  edges 
coke.     Fig.  ^  represents  a  vertical  section,  and  Pig-  8^ 
I  nd  plan  of  a  fiimaoe  of 
-tud. 
Various  contrivances  have 
it  different   times  been  em- 
floyed  to  facilitate  the  cooling 
id  tb«!  oTens  during  the  last 
llige  of  coking ;  but  very  few 
of  tbeae  have  come  into  ge- 

Mmi   uae,   as  the   increased  ^^  g^ 

CtpeiiBe  incurred  in  adapting 

tbflB  to  the  furnaces  is  in  niost  instances  more  than  equivalent  to 
a^  advantages  to  be  derived  from  their  use.  One  of  the  beat 
AOliM^  of  hastening  this  cooling  of  the  coke  is  the  construction  of 
fbrnaeea  with  air  flues,  not  only  under  the  refractory  lining  of  the 
lotlom,  but  alao  around  the  sides  of  the  oven.  During  the  flrit 
itam  o(  the  process,  ail  connection  between  these  and  the  eitemal 
lir  tt  cut  off  Dj  iron  dampers,  but  as  soon  as  it  is  required  to  cool 
imm  iho  oven  for  the  purpose  of  drawing  the  char^f,  tW  ^\t\* 
hjr  Bide  opemnga,  and  escapes  through  a  e4it  of  \io\ea\ie& 
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fyf  t]iii  purpose  in  the  upper  part  of  the  brick-work, 
fitiiMS  •  draught}  and  the  constant  influx  of  fresh   q\ 
li£  ooJd  air,  which^  by  reducing  the  temperature  of  the  wi 
tlid  OTen,  materially  shorteDa  the  usual  period  allowed  for  oc 
VThere  many  ovena  tire  employed,  and  in  localities  where 
desirable  that   the  smoke  produced   shall    be  carried  aa 
aa  possible  from  the  ueighbourhood  of  the  furnace,  a  long  i 
constructed  along  the  top  of  the  whole  range,  and  by  thia- 
smoke  and  fumes  iasuiog  from  the  openings  in  the  erowns  of) 
owns  are  carried  oil*  to  a  suitable  chimney.     In  thiti  case^ 
upertiires,  instead  of  being  closed  with  an  iron  plate  as 
scribed,  are  shut  by  ahding  dampera  worked  either  by 
•  pulley  and  counterpoiae. 

Hie  ordinary  routine  of  coke*niaknjg  has  to  a  cert-ain  ei 
recently  modified  by  the  Messrs.  Cory  of  Lambeth^  wl 
lir  fiujtoij  are  in  the  habit  of  cooling  the  coke  in  their 
it  ifl  drawn.     This  is  done  by  well  watering  it  aa 
tfkC  operation  ia  completed,  with  a  jet  supplied  by  a  poi 
Cif  pump.    This  is  said  not  only  to  etfect  a  saving  by  prevc 
m^  yotB  by  combustion  during  the  time  the  charge  is  being 
but  a!»o,  by  the  decomposition  of  the  water,  to  carryoi 
s  of  sulphur  in  the  fomi  of  sidphuretted  hydrogen,  and 
u*  acid  gases.    Care  is  of  course  taken  that  the  furnace  bal 
,  tir  ovxiled  as  to  be  unable  to  inflame  the  succeeding  chargo»  j 
i^^  ^ole  of  the  water  in  converted  into  vapour  before  rei  ' 
of  the  furnace,  the  brick -work  is  not  in  the  aUf 
Ct  buured.     The  coke  which  is  thus  cooled  in  the  fui 
|Mbter  and  more  sonorous  tlntu  that  manufactured  ii 


fonn  of  these  fiOTiaces  is  much  used  among  the- 

^  the  north  of  England.     This  arrnngemont  is  that 

^•uploveil  in  the  neighbourhood  of  Newcastle,  and  hi 

^^antaf^o  of  retaining  the  heat,  and  requiring  but 

^>r  its  construction.    Each  single  furnace  is  a  square^ 

t«(Mr<^  ftvt  wide,  and  ten  feet  high.     The  top  is  ai 

thickness  of  the  side  walls,  including  tue  intei 

tlo9u\  is  but  two  fot't.     In  the  centre  of  the  arch 

1^  aquiuv,  and  lined  with  a  cast  iron  ring,  is 

_„     is  tM^^  *'^  ^''^  ^^^^'^1  "f  ^^^  flot>r  for  introdt 

%»  W<^^'     This  opening  is  supplied  with  an  iron 

^^ ^^  |{IVK]V«  in  which  the  door  slides.     The  door, 

4^iii  iKW  framing  filled  with  brick-work,  is  suspendc 

-«ad  « i«^0ed  or  lowered  by  a  lever.     In  the  brick-wc 

.,^  IdliCvenil  openings,  whicli  are,  however,  somet 

N  ffek  mi  w*  ^^^^*  ^^^  ^^^^  bricks  ?.tft  \ao«filY  placed  " 
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fhme,  and  admit  siifiicieiit  atr  through  the  crericee  betw€en  them 
f '  'f  '^  injnihiutioD  of  the  gases  iosuiug  from  the  ooak. 

charge  of  each  of  these  OTens  i»  about  two  tons,  and  requirea 
to  r'tnain  about  48  hours  in  the  furnace  before  it  b  m  a  6t  state 
ta  be  drawn,  which  is  done  by  an  iron  hook  uied  apecially  for  that 
piir|»i»ie«  In  all  other  reapecta  these  orena  are  managed  prt*ei$^ly 
Ll.<  liioae  la«t  described,  fresh  coal  being  thrown  on  aa  soon  sua  the 
is  withdrawn,  and  a  certain  amount  of  air  admitted  during 
fnrmer  part  of  the  operation. 

'untn'  laree  quantities  of  tar  are  annually  furnished  by 

lion  of  C4>aif  from  which  gas  foriUuniination  is  obtained, 

is  the  supply  may  be  considered  equal  to  the  demand,  the 

of  this  product  is  ao  extremely  low  as  to  offer  but  little  induce^ 

to  the  manufacturer  of  coke  to  take  measures  for  the  colle<v 

of  that  which  is  coustAntly  being  driTen  off  from  his  ovens  in 

state  of  vapour.     In  some  localities,  however,  the  case  is  very 

tt,  and  from  the  high  price  obtained  for  tar  it  becomes  & 

of  the  greatest  importance  that  as  small  a  portion  as  possi- 

♦'  •-  fluid  be  allowed  to  escape  condensation. 

itz,  in  Silesia,  the  furnaces  used  for  this  purpose  are 
r^ nil unrju  livens  eight  feet  higk,  and  about  six  in  diameter.  The 
upper  part  of  this  oven  is  arched  over,  and  has  an  opening  for  the 
of  ^ises,  which  may  be  closed  by  an  iron  plate,  as  in  the 
before  described.  The  charging  door,  which  is  on  a  level 
t  he  sole,  is  closed  by  piling  up  loose  bricks,  and  affcenn  ards 
ar-tit»ht  by  applying  an  iron  door  on  the  outside,  and  stopping 
I  r-tices  with  clay.  Beside  these  doora  the  furnace  is  also 
i'  i  vith  a  series  of  air-holes  made  through  its  walls  at  dilTe- 
*  ^  from  the  floor,  and  a  large  iron  pipe  is  fitted  into  the 
k-work  of  the  top  for  the  purpose  of  carrjung  off  and 
eoliecting  the  tarry  vapours  which  are  evolved.  These,  t<jgether 
TTit^i  the  gaseous  products*  are  conveyed  to  a  cistern  which  con- 
and  collects  the  former,  and  allows  the  latter  to  escape. 
I  cold  season  this  pipe  leads  directly  to  the  receiver,  but 
during  the  warm  weather  it  is  connected  ivith  a  series  of  zig- 
ug  pipes,  which,  passing  through  cold  water,  act  as  a  refrigerator 
and  aid  the  condensation.  The  charge  of  one  of  these  fiu-naces  is 
fiftrni  35  to  40  cwt.  of  coals,  and  as  soon  as  it  has  taken  iife  the 
lirger  openings,  and  all  the  air-holes,  except  the  lower  row,  are 
diMcd.  When  the  fire,  a»  se^n  through  these  apertures,  has 
aiwtmied  a  reddish-yellow  colour,  the  holes  are  closed,  and  those 
opened  which  are  immediately  above  them.  On  cloHing  the  second 
of  holes,  the  third  is  opened,  and  so  on  until  the  whole 
-has  been  sufficiently  and  re^niliirly  if^iitcd.  TK*  tvv^t  wv^ 
fowv  of  holes are'each  aUowed  to  remain  open  len\\oyiX%j 


TITEL. 

UiW  Bixteen  licnn^  said  the  fourth  and  last  aeriea  three 
which  the  orea  is  allowed  to  renoain  twelve  hours  to 
the  coke  tiieii  drawn  and  quenched  with  water. 

The  coal  uaed  in  these  ovena  is  alightlj  caking  in  its  ch 
and  each  charge,  besides  yielding  53  per  cent,  hj  weight,  arl 
cent,  bj  Tolome  of  good  coke,  produces  on  an  av 
f  tar.     The  same  coal  charred  in  meilera  afibrds  o 
per  cent,  of  its  weight  of  coke,  and  this  fiir  more  spongy  and 
in  it3  natiire  than  that  obtained  in  furnaces.     It  is  also  pro 
that  ammonia  might  be  manulactured  with  advantage  mim 
water  associated  with  the  tar  thus   obtained^  although   it 
not  appear  that  it  has  yet  been  coUected  for  that  purpodo. 
this  country  the  low  price  of  tar  has  prevented  the  introdoi 
of  fumnces  on  this  principle,  but  it  may  be  considered  certain 
bv  the  adoption  of  propeny  constructed  ovens  large  quanti  " 
tfic  volatile  alkali  might  be  collected  at  a  very  small  additi 
eipenae. 

It  is  evident  that  the  ammoniacal  vapour  must  be  prin 
evolved  during  the  first  stage  of  the  coking  process ;  and, 

3tieatly,  if  for  a  short  time  after  the  charging  of  the  fumacec 
ooFH  were  securely  closed,  and  the  gases  and  vapours  e^n 
from  the  coal  conducted  through  a  proper  refrigerator,  n*  urlv 
l/iff^o  n  proportion   of  ammoniii  should  be  obtained  as  wuula 
prLH'Uix^d  from  the  same  fuel  during  the  manufacture  of  coal 
by  the  ordinnry  method. 

(Jocxl  coke  may  also  be  manufactured  from  the  small  parti 
and  durtt  of  those  varieties   of  coal  which  have  the  propeitj'^ 
hiirtially  melting  and  caking  when  strongly  heated.     Tb«ae 
irugoienta  wOl,  on  being  charred  in  properly  constructed 
i*aluH,  adhere  so  firmly  to  each  other  as  to  form  coke  quite 
to  that  produced  from  the  larger  pieces.     At  St.  Etienue  i 
was  first  made  by  pressing  the  moistened  small  coal  into 
boxes  provided  with  moveable  pegs  corresponding  to  the  c' 
and  air-holea  required  to  effect  the  coking.     These  cases 
constructed  as  to  admit  of  being  easily  taken  to  pieces 
coal  had  been  properly  forced  in,  and,  as  the  pegs  were  ifr 
same  timo  withdrawn,  the  coal  was  thus  moulded  into  a 
meiler  provided  with  aU  its  necessary  flues  and  channela. 

Eroeess  was  found  to  yield  very  good  firm  coke,  but  the  amount 
ibour  required  to  form  the  mound  proved  to  be  too  e:^j 
admit  of  being  advantageously  employed,  and  was  con 
abandoned  in  favour  of  the  tumace  fig.  90,  wliich  wih   \*v  w* 
deticribed^  and  which  is  that  at  present  used  at  Rive  do  Gier 
the  Loire,  for  coking  fine  coals. 
Tim  /urn ace  is  conalruciedon.  the  «a,mfi  ^rlndvU  aa  an  ordinarj 
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ttiid  coDskto  of  a  flat  arched  spnce  with  on  eren  aole. 
heSoTv  described,  it  i^  without  &  diiitiiict  fire-place,  mod 


9«Mi  •'inMaig 


90. 

Heat  retained  by  the  widU  of  the  apparatus  after  the  with- 
~  of  one  charge  is  aafficient  to  cmiae  the  i^ition  of  that 
ich  succeeds  it.  The  floor,  a  a'^  of  this  oven  is  an  oval  space, 
feet  widCf  and  23  feet  in  length,  compo&ed  of  a  bed  of  fire- 
tix  inches  in  thickness,  spread  out  and  well  beaten  on  a  layer 
loose  stones,  6  b\  This,  again,  rests  on  a  mass  of  rubbish 
gravel,  C  C,  with  which  the  centre  of  the  foundation  is  fiUed 
imd  which  forms  the  immediate  support  of  the  bottom  of  the 
late.  For  the  purpose  of  charging  and  withdrawing  the  coke, 
?nings,  dtff  are  plaeed  opposite  each  other  at  the  extremities 
lleseer  aiis  of  the  fiimace:  these  are  closed  by  doon,  two 
and  two  feet  eight  inches  wide,  made  of  iron  lined  with 
Incks,  Aud  of  which  the  more  refi^actory  side  is  turned  towards 
Each  of  these  door-ways  is  prorided  with  cast-iron 
ee\  made  with  grooves,  in  which  the  doors  ehde  when 
or  lowered  by  means  of  the  chains  and  levers  to  which  they 
attached.  In  the  middle  of  each  of  these  doors  is  a  small 
ig,  through  which  the  workman  can  observe  what  is  going 
bxside  the  furnace,  and  thereby  legnlate  hia  prooeedings.  The 
it  distance  £rom  the  roof  to  the  sole  is  four  feet.  A 
imaU  chimney  G,  one  foot  six  inches  in  diameter,  and  one  foot 
iire  inches  in  height*  ia  phiced  in  the  centre  of  the  dome,  A  A',  for 
the  escape  of  gases. 

The  whole  of  the  internal  lining,  except  the  floor,  is  composed 
df  iire-brickfl,  and  the  arch  jointed  with  clay  instead  of  lime, 
ill  order  to  render  it  better  calculated  to  withirtand  the  heat  pro- 
The  outside  of  the  furnace  may  be  of  either  brick  or 
»ne,  but  should  be  covered  with  a  good  layer  of  mortar  niiied 
th  >*hi\rv  sand,  for  the  purpose  of  excluding  the  air  which  might 
t)  oter  through  the  jointings  of  the  work.     Should  ftf^ 

or  during  the  working  of  the  apparatus,  it  is  for  the 
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same  reason  carefully  shopped  with  claj  kept  pr«p«red  for  thi^ 
purpose. 

The  i'tirtiat^o  ia  charged  whilst  still  hot  from  the  preceding 
ration,  and  the  layer  of  coal-dust,  whit^h  is  ahout  ten  inch 
thickness,  should   be  evenly  spread  on  the  sole  by   iron 
The  line  coal  is  shghtly  sprinkled  with  wuter  before  being  b 
and,  it'  it  be  of  a  very  ciiking  description,  the  layer  on  the  bo' 
of  the  furnace  should  not  exceed  eight  inches  in  thieknesa. 

During  the  first  two  hours  after  charging,  the  doora  ure  entirelf 
elosed,  with  the  eieeption  of  a  8mal]  slit  at  the  bottom,  whii^h 
alfordajuat  sufficient  draught  to  carry  otf,  through  the  ehinmey, 
the  large  quantities  of  gaaes  and  vapours  which  escApe  fruni  thi» 
charge.  Tliia  stage  of  the  operation  correspondB  to  the  sweating 
period  of  the  charcoal  mouuda,  and  it  is  found  that  the  more 
slowly  and  regularly  this  ia  conducted,  the  larger  ia  the  auiount 
of  coke  produced. 

The  charge  of  one  of  these  ovens  varies  from  60  to  70  cubic  feet, 
according  to  the  more  or  less  caking  nature  of  the  coals  operated  oii» 
At  the  expiration  of  two  hours  after  charging,  the  e\'olution  of 
vapours  rapidly  declines^  whilst  tlje  quantitieti  of  inflammable  gates 
given  off  are  much  increased.  After  a  short  time,  these,  mixing 
with  the  atmospheric  air  entering  beneath  the  door,  i»*uddenly 
ignite  with  a  sort  of  explosion,  and  the  yeUow  smoke  which  has 
hitherto  been  evolved  through  the  aperture  in  the  dome  ia  ijuicklj 
replaced  by  a  cloud  of  a  much  darker  colour.  At  this  point  klw 
charge  is  at  a  dull  cherry-red  heat,  and  it  becomes  net'essary  to 
in«;rea8e  the  temperature,  in  order  to  expel  the  last  traces  of  vnUti!© 
matter.  This  ia  done  by  raising  the  door  about  three  inchfs  from 
the  bottom  jam  of  the  frame,  and  the  fire  aoon  draws  up  and  yields 
an  increaaed  quantity  of  dusky^coloured  smoke.  At  the  expir*- 
tion  of  tliree  quarters  of  an  hour,  the  smoke  gets  clearer  and  less 
sooty,  the  heat  of  the  charge  becomes  uniform  in  all  parts  of  the 
furnace,  and  the  coal  begins  to  split  into  large  eolurnuar  frsg^ 
ments.  At  the  end  of  three  hours  from  the  fin^t  •-•'-■-  of  iho 
door,  the  mass  of  coke  ia  usually  spUt  from  the  ^|  i  he  sole 

of  the  furnace,  and  at  this  atage  of  the  operation  nn-v  :ivv  closely 
ehut,  and  the  crevices  stopped  M-ith  fire-clay.  The  heat,  which  is, 
as  it  were,  shut  up  in  the  walls,  will  now  be  sufficient  f<»  cHimplrt© 
the  charring  of  the  coals,  and  the  expulsion  of  the  Last  tmcM  nf 
gaseous  matter  ia  cfieeted  by  the  same  means.  After  ti 
up  the  furnace,  the  flame  issuing  from  the  eentml  < 
flickers  for  a  short  time  over  the  opening,  h 
more  and  more  feeble,  until  it  finally  dies  fi 
top  of  the  ehimu&y  ia  dow  dpsod  by  on  iit)u  plttW,  iiiui  i 
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with  aa  little  delay  aa  poaaible,  in  order  to  prevent  loss  of 

fore  the  introduction  of  another  charge  of  coal.     Each  ope- 

juires  tirenty-four  hours  fur  tta  cotnpletion,  and  aa  noon 

itoke  Le  withdrawn^  it  hi  sprinkled  with  water,  for  the  double 

of  cooling  it  more  rapidly,  and  also  of  producing  the  dts- 

kpoeition  of  the  sulphur  compounds  wliich  might  otherwise  be 

led  and  render  the  coke  of  lesa  value  as  a  fuel. 

len  one  charge  ia  withdrawn,  another  is  placed  in  the  fninace, 

the  prooees  goea  on  without  intermission  until  it  ia  necedaary 

aflow  the  oTen  to  co<j1  for  the  purpose  of  examining  its  refimo- 

lining,  which,  if  made  of  ^om  bricks,  will  require  to  be 

about  once  in  six  monibs.     Thia  process  yielda  better 

Its  than  any  of  those  before  described.     At  Eive  de  Gier,  the 

nukl  produce  of  coke  is  found  to  amount  to  69  per  cent,  of  the 

i\  employed,  and  even  the  worst  varietiea,  which  are  there  aub- 

to  the  coking  process  in  these  ovens,  afford  from  60  to  65 

oent.  of  coke,  whilst  in  the  mound  from  45  to  50  per  cent,  only 

obtained,  and  in  the  heap  even  rich  coal  rarely  yields  more 

from  40  to  45  per  cent. 

It  ia  found  by  experience  that  coke  produced  in  the  fumaoe 

•denser  than  that  obtained  either  in  mounds  or  heaps;  but,  on 

Ibe  other  hand,  it  contains  a  larger  amount  of  sulphur,  and  ia. 

Oft  this  account,  lees  adapted  for  certain  purposes  in  which  that 

ffthataoce  ia  prejudicial  than  that  prepared  in  the  open  air.     On 

iDoling,  good  coke   Bplite  into  long  prismatic  masses,  in  some 

%t^ree  resembling  basaltic  columns.     Its  colour  is  a  kind  of  ateel- 

Hpt,  almost  approaching  in   some  places  to  sOvery  whiteness; 

out  the  aurfiices  of  many  varieties  are  covered  with  an  iridescence 

inpprjscd  to  be   dependent  on  the   presence  of  sulphur,  and  ia 

Aerefore  a  property  by  which  its  value  is  by  no  meauH  enhanced. 

like  charcx)iil,  coke  absorbs  moisture  from  the  air.     This  in  damp 

WMther   sometimes  amounts  to   30  per  cent.      Coke  wliieh  has 

Wn  for  a  long  time  exposed  to  the  air  and  damp,  becomes  soft 

md  friable,  and  is,  theretore,  ill  fitted  for  many  purposes  to  which 

^Ibffinfle  it  might  be  applied. 


COMPABATITE  TALUE  OP  PrSLS. 

It  must  be  evident  to  every  one  who  has  observed  the  combus- 
tion of  different  fuels,  such  as  wood,  peat,  charcoal,  pit-eoal,  and 
coke,  that,  to  produce  a  given  calorific  effect,  very  varying  quanti- 
iifi^a  >.r  these  substances  must  be  consumed.  This  ditierence,  al- 
lesa  apparent  between  distinct  specimens  of  the  same  kind 
.i.  13,  however,  quite  appreciable  when  the  effecta  produced 
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by  the  combiiafcion  of  a  given  weight  of  each  vaiiety 
compared. 

Viirioiis  methods  have  at  different  times  been  employed 
purpose  of  measuring  the  relative  amounts  of  heat  prodi 
the  coitibustioTi  of  eqnn]  quantities  of  fuels  of  vaiying  couipoeii 
but  as  the  heat  evolved  can  in  no  instance  be  directly  estimi 
the  calorilic  values  of  the  substances  examined  must  in  all  c 
be  judged  of  in  accordance  with  certain  phyaical  or  cbei 
effects  produced  on  a  third  body. 

In  order  to  ascertain  the  heating  power  of  any  substancf^ 
knowledge  of  two  things  is  necessary, — the  amount  of  best  w 
it  is  capable  of  producing,  and  the  tnue  necessary  for  it« 
ment.  The  results  thus  obtained  are  usually  known 
theoretical  effects  of  the  fueh  Since  it  is  impossible  to 
the  real  amount  of  heat  generated,  the  economic  value  ts 
judged  of  by  comparing  its  effects  with  those  produced 
precisely  similar  circumstances  by  other  varieties.  "^ 
parative  estimations  may  he  eftected  in  various  ways,  all  of 
are  sufficiently  ficcurate  for  pnu!tical  purposes.  The  more, 
eiperiments  on  this  subject  were  all  conducted  on  the 
ciple,  and  are  exclusively  physical  in  their  character. 

The  instrument  employed  for  this  purpose  was  called 
meter,  and  the  amount  of  heat  produced  estimated  either 
cordance  with  the  quantity  ot  ice  melted,  or  the  weighl 
water  elevati»d  to  a  certain  temperature  by  the  subs 
rated  yii.  Both  these  methods  are,  however,  precisely  ai 
principle,  and^  from  the  following  considerations,  it  be< 
to  give  the  same  expression  to  the  results  obtained  by  eithi 
iication  of  the  instrument.  It  has  been  found  by  Lavoij 
Laplace,  that  the  quantity  of  heat  which  is  required 
one  pound  of  ice  is  just  sufficient  to  elevate  the  same 
water  froni  0°  to  75°  C. ;  or,  what  is  precisely  the  same  thinj 
raise  075 lbs.*  from  32**  Fahr,  to  the  boiling  point.  Clement 
Desormea  have  also  ahoTAH  that  a  given  weight  of  aqueoua  tbb 
whatever  may  be  its  temperature  or  tension,  is  always  prooi 
by  the  same  quantitv  ot  heat ;  and  therefore  contains,  an< 
capable  of  again  vielding  to  other  bodies,  an  exactly  equal  amc 
Moreover,  according  to  the  same  authorities,  the  heat  abaorbfl 
as  to  no  longer  affect  the  thermometer  (latent  heat)  di 

EconTersion  of  water  into  steam  is  5*5  times^  greater  in 
*  According  to  the  aoro  recent  experimentfl  of  Rcgnanlt^  Ihii 
be  reined  to  079. 
. 
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^^^^K  which  IB  rei^uired  to  raise  the  same  weighl 

;  of  water  from            1 

^^b  100°  C. ;  and  il  therefon?  becomes  easy  to 

calculate  how            J 

^H»  wat^r  could  be  evaporat4?d  from  its  boiling  point  by  the       ^^ 

^^fcity  of  heat    necessary  to  melt  one  pound  of 

ice.    Tlii»  wiU      ^H 

fcTound  ©qiial  to  ^  =  0-154  lbs.  of  water. 

L                                           0*9 

■ 

■He  foUowiiig  table,  extract«»d  from  Knapp's  Technolo^S  gives       ^H 

^Heculta  of  Count  Eumford,  aa  obtainBil  by  hid  water  calori-      ^H 

^Bi  Pound  of  the  foUovring  kinds  of  Wood,                Pounds  of  Wntw  from       ^| 

^^              when  burnt,  will  heat 

32'  to  212^                ^m 

1.  Liraetree  wood. 

^H 

Dry  wood,  4  years  old  , 

.    34707             ^1 

,,       „      slightly  dried 

.     :3S-833              ^H 

„      strongly  dried 

.     40131               ^B 

1  Beech  wood. 

^^H 

Dry  wo^d,  4  or  5  years  old   . 

.     33798              ■ 

„       „      strongly  dried 

.     36-476              ^1 

%-  Elm  wood. 

^H 

Wood  dried,  4  or  5  years  old 

.    30*205              ^1 

„      strongly  dried     *         ♦         .         , 

.     84-083               ^1 

,,      dried  brown 

.     30*900              ^1 

i  Oak  wood. 

^H 

Conunon  fire  wood,  in  small  shamgs    , 

.    26-272             ^1 

The  same,  in  thicker  ahannga 

.    25-590             ^B 

in  thick  Hhaviiigs  . 

.     24-748              ^B 

dried  in  the  air     . 

.     29-210              ^1 

k  ••rj'  dry  wood,  in  thin  shavings    . 

.     ^-838              ^1 

,»'           „       thicker      do. 

.    26-227              ^B 

B  Ash  wood. 

^H    Common  dry  wood       .... 
Tbe'tmnc,  Aned  in  air,  shavings    . 

.    30-G66             ^1 

.    33-720              ^B 

„         shavings  dried  in  an  otcn 

.     35-449             ^B 

tt.  8yaimore  wood. 

^H 

Strongly  dried  in  an  oven     . 

.    36-117             ^B 

?.  ^«^^^  of  Mountain  Ash. 

^B 

H-              '  led  in  an  oven 

.     36-130              ^1 

h              vn         ,         .         ,         .         . 

.     32-337              ^B 

B.  Wood  of  Bird  Cherry. 

^1 

\^      '     ^-d           /       . 

.    333^^           ^H 

^^      i^                 tied  in  an  w lew 

.   i)i*>-^H\\      ^H 

^^h    \)r^d  brvwn 

.  ;u7*.)Q  ^^H 

PTTKL, 


Oa»M«ii  ^  the  foUowing  kinds  of  Wood» 
-                   vlieii  burnt,  will  h@ftt 

FoundfofWitJ 

srto2ia 

r  1.  Fir  u-ood  (Deal), 

Oniiiwn'  dn'  wood 

W,  11  dried  in  the  air,  in  Bliavinga . 
^m                          iu  an  OTen,  in  shavings 
^ft                          bn)wTi  in  sha\^i^ 
^P             .,          in  tKick  shapings 

.    3033JI 
.    34000] 
.    37STa 
.    33-359 
.    2S*M 

Kl  IVnlar  wixni, 

n  oiHi  dried  in  the  ordinary  manner 
strongly  dried  in  an  oven  . 

.    34-601 
.    3716i 

Uncnl  wood  (ordinary) 

.    31701 

]|  miB  Snl  rt'tnarked  by  Welter  that  the  amount  of  hi 
liT  bfuniing  bodies  is  in  direct  proportion  to  the  qi 
fMjrfiMi  RH|mred  to  effect  their  combustion.  This  c 
vkirh  w»8  origiDally  deduced  from  the  calorimetrical  eJ 
\*f  Laplace,  Kumford,  LaToisier,  Bespretz,  and  othen 
iMb«  |C^H^<^r»Uy  iidmitted  as  an  establiahfid  fact,  and  has  giffl 
W  Ik  iit*vr  and  very  convenient  method  of  estimating  li 
T«Jii«*  af  fuels.  This  proeess,  invented  by  Berthicj, «« 
^  Wrfttiui;  a  known  weight  of  the  substance  in  fine  powdei 
%  Hwf  «stM8  of  lith^LTge,  which,  being  decomposed  by  til 
matters  of  the  fuel,  yields  a  button  of  learl  pn 
ipiwtVMMhlii*  H»  lh<»  quantity  of  those  substances  present.  Erer 
H^.:-.  ,.»  ..^._.,^  ii^^jg  abstracted  from  the  litharge  will  niX0 
^'  '.o  the  production  of  an  atom  of  metallic  lead,  fsi 

Vv'  r   !.  1   hly   accurate  measurement  of  the  rektw 

^^  i*nt  kinds   of  fuel  is  obtained    by  weigl 

•    oi    lead   produced   under  perfectly  similar  ca 
-k  i^iven  weight  of  each  variety.     When,  howeve 
^**rrtuiu  what  quantity  of  water  would  be  eli 
12^  Fah.  by  the  combustion  of  a  given  amoui 
>'l.  it  is  found  neceftsary  to  refer  the  results  1 
uilue  of  a  single  combustible  substance.    F« 
• .  >vhich,  according  to  Despretz,  reauirea  S'CJ 
v\  t;eii  for  its  perfect  combustion,  u  genisdl 
'    T  nicted  from  litlinrgc  entirely  free  from  tl 
'■  iv'h  jwrtion  of  carbon  \^ill  afford  34*5  par 
we  further  admit^  in  accordance  with  ll 
'^tioned  chemist,  that  the  same  amoi 
■^  parts  of  water  from  32°  to  212*= 
*    ot  \etjA  cOTT^«^xi'&^%  \^  ^ 
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which  Duiy  be  reduced  by  tksxj  kind  of  fiiel,  correspond 

'^—-  :==  2'265  partii  of  water  raised  by  its  combustion  from  32° 

212^. 

The  calorifie  ralue  of  a  substance  may  be  estimated  with  still 
r  accuracy  from  the  results  obtained  by  its  ultimate  analysis 
aiccording  to  the  methods  to  be  hereafter  described.     As  one 
IT.  of  carbon  requires  2 "666  parts  of  oxygen  for  its  combustion, 
d  an  unity  of  hydrogen  takes  rather  more  than  triple  that  quan- 
r,  or  eight  parts,  it  foUows  that  the  amount  of  oxygen  required 
r  thi*  i'ombustion  of  a  substance  containing  C  parts  of  carbon» 
I  d*  hydrojojen,  and  O  parts  of  oiygen,  will  be  expressed  by 

.    _  ^,j6  +  (H — h)  8  =^  X,  in  which  h  represents  the  amount  of 
pfdPOgt*n  corresponding  with   O  parts  of  oivgen»  and  must  be 
sr.,i.-„»i,.  deducted  from  the  amoimt  oontainuJ  in  the  fuel.     If,  on 
ary,  it  be  required  to  find  the  quantity  of  water  which 
uuiLi  I beoretically  be  evaporated  by  a  given  weight  of  any  parti- 
fuel^  of  which  the  ultimate  compoHition  is  known,  the  formula 

-^^ —  ^  X,     Here  C  is  the  quantity  of 

H  the  qtmntity  of  hydrogen  contained  in  a  unit  of  fuel, 

the  quantity  of  hydrogen  corresponding  to  the  pcr-centage 

itained  in  the  substance  examined,    1*hese  multiphed 

octive  heating  powers,  according  to  the  experiments 

long,  and  divided  by  the  latent  heat  of  steam,  aflbrd  the 

result.* 
caloriHc  values  of  various  kinds  of  fuel,  as  caleidated  by 
formulie,  are  given  in  the  following  tables : — 
BilTerent  kinds  uf  Wood. 


Wood. 


Potmds  of  Lewi 

rwJueeti  hy 
lib.  of  Wood. 


Oak  wood 


1250 
149r> 
1310 
137l» 
UoO 
1370 
13-50 
1450 
13(H 
14-48 


Poundi  of  Water 

whi^h  1  lb.  of 

Wood  can  beat 

from  32^0  212°. 


28-30 
32C>7 
29-70 
31 -00 
3280 
31*00 

28  30 
32-84 

29  54 
32-80 


Potmda  of  Wit«r 

which  1  lb.  of 

Wood  con  era- 

porat«  from 

212"  Ffth. 


5-27 
697 

&&3 
5-77 

6n 

6-77 
5-27 
612 
5K) 
611 


Obwrrcrs. 


BtJTthitjr. 
Winkler. 
Berthicr. 


Winilcr. 


,  mfrK^iofthehtent  hemi  of  Bte»m  at  21^  Fab.  U  iwnCTai\v 
Tb.. bore  number  IS  ir^m  the  recent  experiment.  ^U«^ 


^^B' 

^^^^^^^^^^^^^^^^^^^^^M 

^^^^^^^^H 

B 

B 

^^^m 

3 

^^1 

■■ 

1 

P 

P 

Yarietiea  of  Peat. 

■ 

PoitndAof 

Pt)tlttd«4»f 

^^L 

pounds  of 

Water 

Water              i 

^H| 

LoTAtity. 

mliiced  by 

which  I  lb. 
of  Peat 

which  1  lb.  OMH 
of  Peat  emu! ^^ 

^^^^m 

1  lb.  of 

can  raiK 
from  3  J«  to 

air. 

evaporate 
from  11  r 

Pwt  fipam  Troyea    .... 

8.0 

181 

337 

1,       Ham,  Dt*p.  de  k  Sotuine 

12*8 

27-9 

6-2 

^^^B 

„       Bfl»9y,  Dtp.  de  la  Marne 

13-0 

3W2 

64 

BehM 

^^^^^B 

„       Kbnig»bnin(i»Wirtembetu 

143 

32*4 

6-0 

^^^H 

„       Framont^  Dep.  deaVogti* 

15-4 

849 

65 

^^^f 

,^       I&cbaux,  Dep.  des  LaiidcMi 

153 

346 

6-4   ) 

^^^ 

From  Miua  in  IreUiid,  Upper 

27-7 

627 

11-5   ^ 

^B 

„                „           Lower 

850 

56*6 

1^5    ; 

QriiHl 

B 

PwiiKjdPettt           .        ,        .         . 

137 

28-0 

8*2  ) 

w 

Brow 

nCoal. 

■ 

POund«  of 

Pound*  of 

^H 

Pound*  of 

Water 

Water 

^H 

Locftlity. 

Lead 

which  1  lb. 

which  1  lb 

^H 

reduced  by 

ofCMl 

of  Coal 

t>bau*i 

^1 

lib.  of 

will  heat 

will 

1 

CoftL 

from  aa^ 
ta2ir. 

evaporate 
from  air 

1 

Sttint  IkdiHm  do  Taud  (Gmtoti  de 

1 

H 

Viiud) 

22-6 

51-20 

9-54'^ 

B 

H 

Minwints  Dep-  d«  I'Aude 

2ii"S 

6160 

961 

B 

^B 

Fnvwm  ...... 

210 

47'60 

8-87 

■ 

^B 

Kitfciit  Dort 

21*0 

47-60 

8-87 

■ 

H 

ku«*p  KuunOi,  Lftke  of  Ziirieh 

20-7 

46-90 

3-67  ' 

4 

H 

\  *l,  Dfp.  de  In  Sorthe 

19'2fi 

43  60 

812 

M 

H 

l\i»i»iaii  Girrmttu  .... 

18'10 

4170 

7-77 

B 

^B 

Klbtitfou,  Buheuiia 

Kanu    ...... 

18-20 

41*20 

7-68 

■ 

H 

1580 

38-80 

728^ 

B 

H 

KwrOgr  CW  from  Dfti  , 

21  38 

4831 

900 

B 

^H 

^                Bouchcs  du  Eboiie 

18-89 

42-69 

796 

■ 

H 

„                 Lower  Al[ifl 

16*69  1 

8771 

702 

aM 

H 

„                Oit;i»^c« 

17-84 

40-81 

7-61 

^ 

H 

„                Colojrno      .         ,  1 

1824 

41-22 

768 

■ 

■ 

,»                 Usuuoli 

1590 

8593 

6  09  J 

■ 

lt(tiM«lMln  Pfini  WUiiolma*  Mine  . 

20-17 

46  58 

8-49) 

ym 

/ 

fkik^itnt^ 

1876 

1 

42  39 

7-90  j 

1 

-,    1 
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FMrndtorlPtraadsor 

Water    | 

Water 

of  Coid  and  LociUtr  where  it  to 

Vnmdaor 
Lead 

irluclillb.^hichllb. 

arOMlixofrAilia 

ntoed. 

'•f^««^lcapable  of^oiiabteof 

Obaenrcrs 

to  sir. 

tiif^rwh. 

ingCoab:— 

berdaroOo/tHertliTr  .        . 
rui't  PlTmoath  Works  . 
lixon'ft  Mertfajr 

M12 

77-11 

14-37^ 

84-06 

76-97 

14-34 

83-20 

75-63 

13-98 

lioiiiM*!  Merthjr .        .        . 

82-96 

74-48 

13-88 

remtbAbber. 

81-20 

70-61 

13-14 

\ockYmwT     .... 

28-92 

65  35 

12-18 

terCods:— 

BtocUerHunt     . 
Bushy  Park  Mine 

29-58 

66-85 

12-56 

28-98 

65-49 

12-20 

BUckbrook  Little  Delf 

28*68 

64-81 

1208 

Phillips. 

Laffiik  Busbj  Park 

26-88 

60-74 

11-32 

Newcastle  Harttejr 

31-86 

72-00 

13-42 

Omt's  Hartley 

80-90 

69-83 

13-01 

Hedley's  Hartley  . 
Steam-boat  WaUsend    . 

30-36 

68-61 

12-78 

28-80 

65  08 

1213 

id  Coals  :— 

h  (Wellewood     . 

28-38 

6413 

11-94 

1.   iEglinton 

24-32 

54-96 

10-24J 

king  Coals:— 

i 

deOter          .        .        .        . 

29-60 

67-0 

12-48^ 

S  Grand  Gaillet 

281 

636 

11-85  1 

«bel]e,  Allais  .... 

27-6 

62-6 

11-65 

thamp,  Haut  S&one 

27-3 

61-8 

11-61 

■ierre  la  Cour,  Maj^nne  . 

270 

61-1 

1138 

ac,  Sione  et  Ix>ire  . 

26-8 

607 

11-31 

il,  near  St.  Etienne 

25-4 

67-6 

10-71 

aier  Coals  .— 

Berthier. 

leorge's  de  LaTencas  Aveyron  . 

24-0 

54-5 

10-15 

irowa,  Silesia  .... 

21-2 

480 

8-94 

ifJura 

21-0 

47-5 

885 

nSlaTonla       .        .        .        . 

19-4 

43-9 

8-18 

md  Coals:— 

fawneu'Aix.U-Chapelle  . 

31-0 

70-2 

13-08 

vtgrw,  near  OffenbeTg 

...     . 

22-2 

50-8 

9-87^ 

\ 

\ 


e 

ri 

^^^^^^^^^H 

^^^^^^^^^^^^^^^^H 

^^^^ 

■ 

JJ^j 

1 

.78 

IK 

FU£L.                                        H 

1 

p 

i 

JLntlirttcite.                          ^^^ 

Imndiof  poondBofl 

^^^^^. 

Puuodsof     .^■ttt* 

Water 

^^^^^■i 

und   y}'f\i^^- 

wbirh  1  lb. 

^ 

Locmljty. 

reduced  by  of  Antbra- 

[>rAnthra-:OfaaMi 
cite  will    ^^ 

Atitbracitei 

elevate    [ 
rrom  »a°  to 

evaporate 
from  air- 

31.60 

7160 

13-32  \ 

F<mnijlviuiia  . 
Laval  b  Chatimicre 

30&0 

69-10 

12*88 

330 

747 

13-92 

Bflrtk 

„      In  Bracomere 

26-6 

60-2 

11*22 

Corbftttrie      .        .        .        . 

26-7 

60& 

11-27 

Llangiiicke,  GkniorganBhire  . 

83'48 

76-73 

14-11) 

tm 

Slievnrdogh,  Tip])epary   * 

^-10 

7044 

13*12  i 

Charcoal, 

] 

Poimd»of|fV««^o' 

m 

Fottnda  of 

Water         Water 

V 

Lead 

which  1  lb.  I'^bjchnb. 

Madif  from 

reduced  by 
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1    LoemUty  of  Co»l  from  which  the  Coke 
^^                     WIS  made. 

PooncU  of 
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Bertbier. 

PhilUpa. 

laftuenee  of  Time  on  the  Action  of  Fuels. — The  conaidemtioa  of 
rual    heating   power  of  ditfereDt  kuida   of    fuel,   without 
\r-e  to  the  time  neccBsary  for  the  production  of  the   heat 
I,    would     afford    very   superficial    and    ern^neous    ideas 
•   to  thoir  reapoctive  economic  values.     If  we  refer  to  the 
Kgomg   tables,    it  i^ill   be  found  that  the  softer   and   lighter 
lilies  of  wood  posseaa  higher  calorific  values  than  those  which 
^H^  compact,  and  have  consequently  a  greater  densitj^     This 
IHwelj  the  reverse  of  what  might  be  expected  Ironi  actual 
Kenenc4%  but  when  carefully  esLnniined,  this  apparent  anomaly 
■Bttily  explained.     On  consulting  the  table,  page  125,  showing 
i  ultunate  composition  of  the  various  kinda  of  wooil,  it  will  be 
iMfid  that  the  lighter  and  moro  inflammable  varietieB  contain 
^^V  amount  of  hydrogen  tlian  the  karder  and  lem  combustible 
War    In  pure  woody  fibre,  the  relative  proportions  of  oxygen 
■  hydrogen  are  auch  as  by  their  union  to  form  water,  whilst  in 
I tho  diflerent  kinds  of  wood  wkich  have  been  examined  there 
1  conHtant  excess  of  tho  latter  over  the  former.     This  excess  is 
!>•  Icrable  in  soft  woods  than  in  hard,     In  oak  the  excess 

!  .1   above  that  necessary  to  combine  with  tho  oxygen 

IihuaU  to  5^08  pai*ts  in  1000,  whilst  in  common  deal  it  amounts 
U*^      When  these  woods  are  strongly  heated,  the   excess 
jHkog^ti  combines  with  a   portion  of  the    carbon   present, 
^^B0  rise  to  the  formation  of  gu^oous  liydrocarbons,  ut  the 
^^^  of  the  fixed  carbon  or  charcoal,  which  would  otherwise  be    i 
^^nL      These  ga^es  igniting  with   extreme    readiness,  pro- 
^^Kucb  ftame,  and  the  woods  from  which  they  are  evolved 
^^Bfi^y  consume  with  much  greater  rapidit)^  thtm  l\\y&vi  vu 
^^^^B^drogen  and  oxvf^on  exist  nioro  nearly  m  e<\vu\TiXeu\. 
^^■F^  ^'hen  suvb  woods  are  applied  to  hekVng  p\\i^i>ft«% 
^K^  y&//W  r/j/ifjiif^'  evolve  their  heat  more  ra^%  <^ 
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and  a  considerable  portion  i»  tlierofore  lost,  from  the  cireumstsEicf 
of  a  certain  time  being  required  bv  all  arrangementa  to  appropriAt* 
the  heat  which  may  be  developed  by  the  cQmbn»tion  of  the  fuel 
consumed.  When,  on  the  contrary,  »  wood  ia  employed  in  which 
the  excess  of  hydrogen  m  very  small,  but  little  flame  is  produced, 
and  as  the  combustion  goea  on  slowly,  and  the  heat  is  produced 
regularly,  the  greater  proportion  of  that  generated  becomes  aTiuV 
able,  and  the  fuel  yields  a  practical  effect  superior  to  tbosif 
varieties  which  in  reality  possess  a  higher  calorific  value. 

It  follows  from  the^e  conaiderationa,  that  a  fuel  which  luif 
produce  the  best  etlects  in  an  upparatua  provided  with  a  lariji^ 
heatiii;tj  gurface,  may  be  hut  ill  htted  to  be  employed  m  ntiO 
dillerently  eonstructed,  as  each  variety  requires  its  own  tim^ 
to  evolve  the  heat  which  it  is  capable  of  developing.  For  this 
reason  the  harder  woods  are  moat  generally  preferred,  but 
very  intense  heat  is  required,  as  in  the  case  of  the  ]» 
furnace,  it  is  best  obtained  by  the  employment  <jf  the  » 
varieties,  it  being  only  necessary  that  tliu  apparatus  be  so 
strueted  as  to  absorb  the  heat  evolved  with  sufficient  ■ 
The  results  obtained  by  the  use  of  any  given  Jiiel  also  di\,.. 
a  great  measure  on  the  size  of  the  fragments  into  whieh  ili»] 
divided.  If  it  be  thrown  on  the  fire  in  large  pieces,  \f  *""•" 
slowly,  and  a  large  proportion  of  the  heat  generated  la  al 
If  it  be  wot^d  that  is  employed^  and  instead  of  being  burut 
form  of  largo  logs,  it  be  first  divided  into  shavings,  the 
bustioo  will  be  so  rapid  that  a  large  portion  of  the  f 
all  useful  purf)nses,  be  lost.  This  arises  from  the  gr 
with  w  hich  the  consuming  air  comes  in  contact  with  it,  v\  h 
the  form  of  shavings.  If,  however,  the  fragments  are  still  fi 
reduced  in  size,  the  smallness  o£  the  particles,  and  the  close 
tact  ex^isting  between  them,  excludes  the  entrance  of  fh<*  no«v 
supply,  and  for  this  reason  it  is  extremely  difficult  t 
avauable  heat,  eitlier  from  saw-dust  or  very  liDcly  dh 

What  has  been  said  chiefly  with  reference  to  v 
to  the  other  kinds  of  fuel,  as  they  are  all  influeiuN 
of  division,  and  tho  excess  of  hydrogen  which  they  contnin,    Wi^ 
regard  to  pit-coal,  it   lias  been  st^ited  that  pnwrticjilly  the 
which  it  produces  alono  acta  as  a  heating  agent,  and  that 
hytlrogen  and    hvdrocarlK»n«   generated   oieivly   nfFord    by 
combustion  suflicreiit  heat  to  counterbalance  that  aljHtirlf^d'by' 
o«-...-;n^  gases.     The  effects  obtained  will  neceBsanlv     "* 
depend  on  the  nature  of  the  apparatus  iu  whii 
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,  bat  vbemvr  a  Terr  high  temperature  U  to  be  attained 
DMiieTabLe  pressure  is  to  be  borne,  coke 
tlie  etttAtmt  adfaotage  be  employed. 

lUifer  from  The  First  Beport  on  Coals  suited 

aify^  by  Sir  R  T.  De  la  Beclie,  and  Dr.  Lyon 

not   only    the    eflects    at-tually    produced  by 

of  eoal  in  a  well-constructed  arrangement,  but 

It  poflsilllei,  together  with  the  relation  exist- 

^bt  dkmfie  Taloea  of  their  v^arious  constituents. 
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OF  THE  TABIC  US   MIITHODS   FOE  ABCEBTADmrO   THE  HXlA'i 
YAL¥E   OF  FUELS. 

Those  fuels  which  posseaa  the  highest  calcirific  powers  are  nol 
alwaya  such  as  should  be  mvariably  selected  for  practicaJ  pui*- 
poses,  OS  thev  may  nevertheless  be  subject  to  disadvantages 
which  more  tnan  counterbalance  this  property.  It  is  therefore 
necessary  to  asC'ertaiji,  by  eiperiment,  what  are  the  ptH^uliar 
characteristicB  of  each  variety,  so  as  to  be  euabled  to  select  from 
among  a  number  eut-h  a^  may  be  most  economically  employed  for 
the  particular  puqjose  to  which  the  fuel  ia  to  be  Appliea. 

EAilmation  of  Ash. — ^If  the  substance  to  be  examined  be  a  wood» 
it  should  be  first  reduced  to  fine  powder,  by  means  of  a  rasp,  or  if 
it  be  friable,  such  as  charcoal,  pifc-coal,  or  coke,  it  may  be  poundiid 
in  an  iron  mortar. 

A  weighed  nortion  (about  10  grains)  of  the  pidv  '  ta 

then  placed  eitner  in  a  platiuum  or  porcelain  crucible,  ;  ad 

over  a  gas  flame,  until  the  whole  of  the  combustible  matter  i» 
consumed.  The  residue  is  subttetjuently  weighed,  and  fnim  tb« 
amount  left  the  per-centage  of  incombustible  matter  prei<jnt  is 
estimated.  In  making  thi*  experiment,  much  time  will  be  SJiTcd 
by  placing  the  crucible  a  little  on  one  side,  and  partiiilly  eoveriuif 
its  mouth  with  the  lid.  for  the  purpose  of  directing  a  current  of 
air  on  the  burning  body.  When  the  substance  to  be  examined  is 
a  caking  coal,  it  is  found  advantageous  not  to  break  tlio  crust  of 
coke  wliich  is  iirst  formed,  but  to  allow  the  ma^a  gradually  to 
consume  from  the  exterior.  If  thi8  be  not  att4>ndcd  to,  and  it 
should  contain  much  ash,  small  portions  are  frequent! v  prot^vted  by 
a  coating  of  earthy  matters,  and  escape  r  <*n.     In 

the  case  of  coke  it  is  sometimes  found  to  con- 

sume the  last  portions  of  carbon,  but  tlii&  may  aU\iU>  be  etiected 
either  by  roasting  the  substance  in  an  assuy  muffle,  or  by  sub- 
jecting it,  at  a  red  heat,  to  the  action  of  oxys^en  gas. 

The  hitter  process  is*  best  accomplished  by  pinciug  a  known  wri{:H 
of  pulverised  coke  in  a  porcelain  crucible  over  a  lain 
from  the  accumulation  ot  ash  the  combustion  becom 
the  vessel  is  closed  by  a  cover  having  a  hole  thniugh  itn  «*ntre, 
and  by  this  a  current  of  oxygen  is  made  Ut  arrive  throu^jh  % 
suitable  tube  from  a  gas-holder  in  which  it  is  contnined.  Tbo 
amount  employed  is  regulated  by  a  stop-cock,  and  too  rapid  AdiOQ 
18  ©spcciiilly  to  be  avoided, 

t'-ftTtmilon  of    nyirniniHrlc    W»trr.=-Th  •    '^— n..*    -  r    -^t^ 
in  eatimated  by  drjiuga  known  iiuan 
*i  ii:icer  <w  air  bath,  heated  to  *iV^i''  Vwi.,  vvvww  w  ^:>■.\y.^'^^  u*  ?uhj 
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tube,  8o  aa  to  give  off  pure  oxgen  gas  towards  the  close  of 
openitiaii. 

Biitn>iceii»—Tlie  amount  of  nitrogen  contamed  in  a  fiiel 
be  considered  of  nmeh  practical  iiuportance,  and  it  may  tke 
in  moat  instances,  be  included  with  tho  oxjgen :  if  necesaarj, 
ever,  it  can  be  easily  estimated  by  the  method  of  Wdl 
Varrentrapp^ 

i»x)>ff«ii. — This  element  is  iuvaxiably  estimated  by  the  1< 
analysis. 

littharire  Eiiperliiieiite.— In  most  instances,  the  calorific 
of  II  conibustible  substance  may  be   ascertained   with   9uffi< 
accuracy  without  haviug  recourse  to  an  accurate  analytical  ei 
nation,  and  for  tliia  pur].H>6e  the  process  employed  by  Berthit 
the  nioet  simple,  ami,  at  the  same  time,  one  of  the  most  acci 

The  weight  of  subtstauee  operated  on  may  be  about  five 
and  the  greatest  care  ahould  bo  taken  to  obtain  it  in  the 
possible  etate  of  division.     If  the  substance  be  brittle^  «i 
ooal,  coke,  or  charcoal,  it  m  easily  pounded  in  a  mortar,  and 
wards  sifted ;  but  if  it  be  a  variety  of  wood  which  is  to  1 
perimented  on,  the  saw-dust  obtained  by  eutting  it  with  a  tine 
or   scratehing   "nnth  a  tile,    should  be   employed.      This  ah* 
according   to   ita   supposed   richness,   be   intimately  mixed 
from  150  to  250  grakis  of  litharge,  and  placed  in  a  small 
tkisay   crucible.      On  this  is  placed  from   100  to  150  ^ 
pure  litharge,  and  after  the  whole  has  been  shaken   down, 
crucible  ought  not  to  be  more  than  half  full,  iu  order  to 
Bufficieut  apace  for  the  intumescence  of  the  n\iiture  when 
aemi-fiiiid  state.     The  erueible  is  now  stopped  by  a  cover,  wl 
is  carefully  luted  with  lire-chiy  for  the  purpose  of  preventing 
fragments  of  cuke  or  reducing  gases  from  the  fire,  fnimi  \1 
ing  the  reaidt,  and  the  \\  hole  is  then  placed  in  an  assav  fui 
already  lighted,  atid  in  which  there  is  a  tolerable  supply 
coke.     Here  it  ia  gently  heated  during  about  fifteen  or  t\ 
minutes,  at  the  expiration  of  \sfiich  time  the  contents  will 
state  of  tranouil  fusion.     The  crucible  is  now  to  be  covered 
hot  coke,  and  the  draught  increased  by  means  of  the  damj 
order  to  cause  the  whole  of  the  reduced  lead  to  collect  iu  the 
of  a  button  at  the  bottom.     Care  should  likewise  be  takt 
prevent    any   loss   of    metal  by  vol  utilization,   and    a 
temperature  only  should  consequently  be   empioved,     Thie 
usually  be  elfected  in  about  ten  minutes,  and  the  crucible  is 
withdrawn  from  the  fire  and  slightly  tapped  against  some 

*  For  direetions  relative  to  the  oool^si*  of  organic  tubaiancei,  aea  " ' 
tiona  ill  QuantiiatiTe  Chemical  Analjraia,"  hj  Dr.  C.  B.  FreMminiai  p,  8S 
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%b  throw  down  any  gloliulcs  which  might  remain  aus- 
in  the  fused  litharge.  After  heing  allowed  to  get  cold, 
Ibit^  is  broken  and  the  button  of  lead  extracted,  and  from 
ht  is  calculated  the  calonfie  value  of  tlie  fuel  aeeording  to 
,  given  at  page  175.  If  the  operation  hay  been  properly 
ucted,  the  button  of  lead  eeparates  easily  both  from  the 
ble  and  the  melted  litharge  by  which  it  is  Burroujided ;  but  in 
of  any  tiling  adhering  to  it,  ita  removal  is  readily  eflected  by 
haronici-ing  tlie  button  on  an  aiaWI,  and  afterwards  brushing 
the  8maU  particles  sticking  to  it  with  a  hard  brush.  The 
't«  thus  obtained  from  different  experiments  on  the  same  »ub- 
srt&uce  will  be  found  to  agree  very  closely  with  each  other.  But 
on  comparing  the  ealoritic  value  of  a  fuel  aa  obtained  by  the 
lilltarge  process,  with  that  calculated  from  ita  ultimate  analysis, 
ihit  former  will  be  found  to  aflbrd  results  about  one-ninth  less  than 
feoae  obtiuned  by  the  latter  method.  Thia  process,  therefore, 
Bpough  not  admitting  of  absolute  accuracy,  ia  fitifliGiently  exact 
^^kianv  practical  purposea, 

^Khe  eiactitude  of  such  determinations  ia  somctijnea  also  slightly 
^Bu^uced  bv  the  presence  of  iron  pyrites  and  protosulphuret  of 
^H,  both  ot  which  exercise  the  aame  reducing  ijitlucnce  on  the 
^Krct.'  a«  that  proiluced  by  the  coinbustiblcs  themselves.  When 
^Bed  With  reducing  agenta,  the  sulphur  of  these  aubatancea 
^Bp^  iu  the  form  of  sulphuroua  acid,  whilat  the  iron  with 
^Kh  it  was  combined  remaind  with  the  litharge  in  the  state  of 

^^^M  reactions  determine  the  reduction  of  a  certain  quantity 
^^Pmllic  lead  which  interferes  with  the  experiment,  and,  to  a 
^^pin  degree^  vitiates  the  result. 

^H||MrBnce  for  this  source  of  error  is,  however,  easily  made  when 
^^Hkntity  of  sulphur  present  has  been  previously  determined  ; 
^Hmee  1(X)  parts  of  pyrites  is  capable  of  reducing  to  the  metallic 
^^m  840  parts  of  lean,  and  the  same  amount  of  tlie  protosulpliuret 
^■reduce  720  ])art8  of  that  metal,  we  have  sufficient  data  from 
^Hh  to  calculate  the  quantity  of  metal  due  to  these  impurities ; 
^■ihis  must  oidcntly  be  deducted  from  the  total  amount  ob- 
^BkI  by  the  experiment.' 

^^^he  itJphur  containixi  in  coiU,  lignite,  nnd  other  fuels,  wliich  hATo  &ot  been 
^Ke«d  to  tt  strong  tifttt,  ii|i|)«ttr»  iQTanably  to  occur  iti  the  form  of  iron 
^^■a,  v}uJ«t  that  which  U  fonnrl  in  coke  and  other  charrod  tuck  ia  redui?ed 
^^■i  lAali'  'f  ri'ri>tosul|)lmn<t  of  irc«ii.  When  nay  doubt  nitrt^  na  to  the  6tat« 
^^P^ich  *'  t>  ooeur»,  the  t|U(!«tion  is  easily  dct-idvd  by  adding  n  few 

Hbof:  ..-Acid  to  ft  littk  of  thu  powdc-rcd   fut'l:    if  Kul]ihun-tt«d 

mtc^t  U-  i'%(thcd,  it  ia  a  proof  oflho  prestjure  of  thL^  protoftul\)hurel,  ^t\y*V 
Im  ivrcBM  tbows  that  the  sulphur  v(\ikh  it  contains  doca  not  ocuvue  vh  V\v«\j 
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FURNACE  MATERLVLS. 

The  refiractory  lining  of  furnaces  Is  UBually  composed  of  bricks 
prepared  from  Tarious  corapoimds  known  bv  the  name  of  fire-clavB ; 
although  tern  frequently,  and  particularly  for  the  internal  casing 
of  the  hearths  ot  iron  furnaces,  certain  siliceous  sandstones  an? 
sometimes  employed. 

Clays  are  esaentially  composed  of  silica,  alumina,  and  water,  but 
are  almost  invariably  more  or  leas  niued  with  other  bodies,  by  tUi» 
presence  of  which  their  properties  are  considerably  modiHed.  Pure 
clays  are  white,  opaque,  and  imctuous  to  the  touch  j  when  <lri<9d, 
they  present  an  earthy  fracture,  and  if  placed  on  the  ttinj^ie,  gift* 
rise  to  a  peculiar  sensation  of  dryness.  When  put  iiitn  wjit«T, 
these  compounds  have  the  property  of  swelling  up  and  becoming 
iuspended  in  that  liquid,  and  thus  afford  ductile  iinaciaos  past*'*, 
readily  admitting  of  bein^  moulded  into  any  required  form.  By 
calcination  at  an  elevated  temperature,  the  water  is  graduaUy  ei- 
pelled,  aud  considerable  contraction  of  the  maw  takes  place. 
When  free  from  all  admixture  with  other  bodiea,  cLiys  are  in- 
fusible at  the  highest  temperature  to  be  obtained  in  our  furtmoesi, 
but  they  sometimes,  when  thus  treated,  become  so  far  sortenwl 
that  crucibles  formed  of  this  material  bend,  and  becomn  mnch 
deformed  under  the  pressure  of  the  tou^s,  by  the  aid  of  whieb  tli«?y 
are  withdrawn  from  the  fire.  The  Kwtrous  aspect  frequently  ot 
served  on  breaking  a  pot  which  has  been  very  highly  heatinl  ib  ttbo 
an  indication  that  incipient  fusion  had  commenceJ,  and  is  in  tliii 
respect  analogous  to  tne  appearances  observed  in  8<>i  '  'of 
pottery,  on  which  the  glazing  has  been  applied  at  a  v  ed 

temperature. 

It  was  formerly  supposed  that  clays  were  mere  a^lmixttipes  of 
silica,  alumina,  and  other  bodies  arising  f  Ikintc^- 

gration  ni"  the  rocks  in  the  vicinity  of  t'  -h  tliey 

arr  1 :    but  it  is  now  ire 

deli  I  I uical  compounds  ot 

the  various  other  boclies  with  wliuh  tlicy  are  fuim 
mvrc  nipchnnical  mixtures,  which  should  only  b<- 
The  bodies  found  mrcompanying  ri 
f>"vhanical  mature  wvl\x  tVcm,  ia«< 
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,|mt  among  the  most  common  of  these  impurities  may  lie  men- 
med  oxide  of  iron,  carbonate  of  lime,  iron  pyrites,  gniphite,  and 
ioua  bituminous  matters.     The  presence  of  tbeae  Bubst-ancea 
it^nuUy  impairs  the  quality  of  the  clays  in  which  they  arc  found, 
"-  ^v  combining  with  a  portion  of  the  silica  present,  a  series  of 
'   vitreous  compounds  are  produced.     The  decree  of  heat 
'      '^ect  the  fusion  of  these  subatancei*  la  not  entirely 
:  he  amount  of  bnsic  matter  thus  brought  in  contact 
licate,  but  is  also  in  a  remarkable  manner  in- 
ure and  number  of  the  basee  themseh  es, 
in  thus  uuy  a  ciny  containing  a  given  amount  of  lime  is  found 
to  be  less  fusible  than  another  similarly  constituted,  except  that  a 
oeftftin  portion  of  the  lime  is  replnced  by  an  equivalent  amount  of 
Tnaj^nesm ;  smd  if  three  or  more  bases  be  present  instead  of  one, 
injxjund  will  be  found  proportionately  more  easy  of  fuaioi 
'Li  the  purer  varieties  of  clay,  the  most  refractory  are  those  ill' 
1  the  proportion  of  silica  is  greatest ;  and  reaches  its  miiiinium 
t?^  substances  which,  although  exhibiting  many  of  the  phy- 
ucal  properties  of  clays,  can  scarcely  be  classilied  among  them  ou 
ni'r.iTirit  of  their  very  large  per-centage  of  silica  i    such,  for  ex- 
,  are  the  diflerent  varieties  consisting  of  the  siliceous  rematufl 
'^.  ..Jusoria,  commotdy  known  by  the  name  of  rottenstone. 

Clnya,  in  their  natural  state,  are  seldom  capable  of  fullilling  the 
wbok^  of  the  several  couditiona  which  may  oe  required  of  them, 
and  it  therefore  becomes  necessary  to  make  such  additions  as  an 
accurate  analysis,  and  a  cjireful  comparison  of  the  results  with 
tKo^^  ohtaiiied  from  cither  refractory  materials,  niay  suggest.  At- 
tention to  this  subject  becomes  the  more  important  troui  the  cir- 
cumBtAncc  that  many  varieties  of  clay  which  possess  the  requisite 
dcgnv  of  iiifusibility  are,  when  subjected  t^  a  rapidly  increasing 
change  of  temperature,  liable  to  split  and  lly,  from  the  too  great 
4np»nflion  or  contraction  of  the  mass.  The  chief  additions  mad© 
in  this  f'asc  consist  of  pure  sUiceous  sand,  and  grovind  and  pre- 
Tioualy  burnt  fire-clay,  which,  witliout  increasing  the  fusibility  of 
ihr  compound,  ha«  the  propertj'  of  rendering  the  baked  material 
lc«8>  liable  to  become  broken  through  the  too  rapid  application 

'  niamination  of  seven  varieties  of  fire-clay  from  the  neigh- 

'  '1  of  Newcastle-on-Tyne,  where  an  extensive  trade  i*  carried 

!  I  ricks  and  clay  gas-retorts,  afforded  to  Dr.  Hichi 

'_'  ri'sults ; — (See  next  page.) 

■'•ture  of  refi^ctory  bricks  is  conducted  in  a 
ri»i^>  -iiiuuir  way  to  that  of  those  employed  for  ordinary  built 

!&e  Jijv-«20r,  a/ter  beiag  some  time  exposed  to  tW  *», 
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crushed  uuder  a  pair  of  heavy  edge-stones,  "where  it  is 
together  with  a  mixture  of  pi'eviowsly-baked  clay  of  the 
description,  until  it  has  heen  reduced  to  the  state  oi  coarse  poi 
This  lalla  tlirough  a  hole  in  the  bedstone,  and  is  from  tl 
mounted  by  the  buckets  of  an  endless  chain  into  a  large  cylinc 
sieve,  by  whioli  it  is  divided  into  two  clasues.    The  coarser 
meEta  which  remain  on  the  meshea  are  returned  under  the 
runners,  to  he  again  ground,  whilst  the  finer  particles  which 
passed  through  the  apertures  are  conducted  by  an  endless 
a  convenieFit  situation,  where  it  18  deposited  imder  a  contmi 
stream  of  water.     The  mixture  is  Rul>i?et]uently  incorporate* 
a   pug-mill,  and   moulded   into   fire-bricks   in  the   way  adc 
for  the  more  common  varietieH  emiiloyed  fur  building  pui 
A  man  and  l>oy  may  in  this  way  with  a  hand-mould  make  m 
out  to  dry  1500  bricks  in  the  coiu'se  of  an  ordinary  day's 
When  sufticicntly  dried  in  the  sun,  they  are  baked  during 
days  in  kilns  cuutuining  from  15.000  to  20,0iX).     A  ton  of  co< 
on  an  average,  recpiircd  for  the  bilking  of  every  3,000  bi 
which  are  all  placed  length v,'ay a,  and  sepanited  from  each  oth« 
about  a  iinger*a  breadth  m  order  to  allow  a  free  passage  beti 
them  of  the  heuted  gases  produced  by  the  combustion  of  the 
the  whole  of  which  k  consuuiedat  the  extremity  of  the  pile  furtbj^ 
removed  from  the  chimney,  fl 

Crucitiici  are  commonly  manufactured  either  by  working  n| 
prejimrcd  clay  on  a  potter's  wheel,  similar  to   that  eroployed  ia 
making  ordinary  pottery,  or  by  conipressing  the  prepared  cky  is 
strong  hrt)nze  moulds,  which  thus  communicates  to  the  mass  thi 
ret] u ire d  form.     Sometimes,  also,  although  more  rarely,  crucibltt 
are  prc])ared  by  covering  with  the  hand  a  mandril  made  either  cA 
metal  or  hard  wood,  and  having  the  exact  form  und  dimen 
^  the  internal  cavity  of  the  vessel  required.     To  be  perfect  : 
^k  roBpect,  they  fiihoyld,  in  the  lirat  place,  be  capable  of  rcsiJilio| 
^H|ituout  iracture  the  most  sudden  changes  of  temperature. 
^Br  ThcT  should  also  be  infusible,  be  unac*ted  on  by  the  substmuifli 
^^^ic'li  lire  to  be  fused  in  them,  aiii\aaV\N^\j«\m\rtirax'es4ic^^ 


mnstaiuifli 


and  cases.     It  would,  however,  be  impossible  to  prepara 

capable  of  fulfilling  all  these  cotiditiona,  and  consequently 

erally  fouud  more  convenient  to  select  the  mixture  to  be 

red  in  accordance  to  the  uaea  to  which  it  is  to  be  applied, 
attempt  the  manufacture  of  pots  which  ehall  be  applicuble 

J  sort  of  u»e. 

it  u  deaired  to  prepare  crucibleg  capable  of  withstanding 

idden  changes  of  t^uiperature,  the  prepared  clay  is  intimately 

with  various  infusible  bodies  which  are  not  liable  to  eipand 

Bg  strongly  heated.  These  substances  are  called  cements, 
erally  consist  of  siliceous  sand,  groimd  tiints,  calcined  clay, 

fce,  or  finely-powdered  coke, 
most  infusible  crucibles  are  prepared  from  clays  containing 

rgest  proportion  of  silica,  and  in  which  the  anvount  of 
d  oxide  of  iron  is  extremely  minute.  The  inlusibility  of 
e  its  power  of  sustaining  sudden  changes  of  temperature, 

^  much  increased  by  a  iudicious  admiiture  of  cement, 
from  foraiin^  a  kind  of  Intusible  ground-work,  prevents  the 
0  from  being  detbnued  by  exposure  to  a  temperature  by 

it  would  be  otherwise  destroyed.  The  most  efficient  cement 
purpose  is  graphite  or  finely-powdered  coke  added  to  the 
the  proportion  of  about  one-third,  ^'ince,  if  a  larger  amount 
aed,  although  the  infusibility  of  the  crucible  might  to  a 
extent  be  mcreaeed,  the  carbonaceous  matters  are  liable  to 
>  consumed  by  repeated  use,  and  the  crucible  is  by  thiis 
gradually  destroyed. 

composition  of  some  of  the  best  varieties  of  fire-clay,  oa 
>d  from  the  experiments  of  Berthier  and  Salvetat,  is  given  in 

lowing  table : — ^ 
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FFUWACE  MATERIAli. 

jn  of  eeveral  difPerent  kinds  of  manuiad 
__jn  carefully  eiamined  by  BertKier,  whose 
in  the  following  tabular  form  i — 


I                   Pi»ce  of  Manulkoture. 

1 

Oxide 

of 
Iron, 

^ 

1  CMaMiiliroia  C^KMs  Almerode 
■        ^           ^    Pum         .... 
^    SaTeignies,  near  Beaufnya  . 
^            ^    UngUod,  for  Coating  Steel . 
1        .            M    SI.  Etienne,  for  Ba  . 

1          ^           .    Bohomift        .        .        . 

70-9 
64-6 
72-3 
710 

6sa 

67-4  ' 
680 

S4-8 
S4-4 
19& 
83-0 
26-0 
820 
290 

38 
1-0 
89 
40 

7'2 
0-8 

aa 

04 
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tn   ixnier    that  a    crucible   be   but  slightly   attacked 
iViMed  iu  it,  it  ia  not  only  necessary  that  the  parti( 
^•rWK  it  i»  coiuptwed  should  be  finely  divided  and  closely 
IfCVMiCi),  but  a)i*o  that  it  should  have  but  little  affinity  for  the 
«liuHx^  oiH^ratod  on. 

Tht*  utftals,  tog<*ther  with  their  corapoundd,  with  the  eicept 
^lKi>  oxidt^s,  t*x**rt  little  action  on  crucibles  made  of  ordinan*  " 
tjpi-«  '^  '  tjttltma,  together  with  8ome  other  substaDoea,! 
BAi^  f  filtering  through  the  pores  of  earthen 

^mu»uL  cACiviiing  ou  their  constituents  any  apparent  che 
IK'livm.     Thv   degree   of  facQity  with  which  clay  pota  yield 
Il#  ncliiUi  of  metallic  oxides  is  usually  tested  by  the  fuflion 
^^      ».N  whieh  is  maiutaiued  iu  the  fluid  state  uutil  the  pot  * 
ini*r<.*ed  bv  its  corroding  action  on  ita  sides,  when  the 
rv  to  prtxVuH^  thia  effect  is  noted  and  compared  with  simil*] 
obtHiueil  with  other  varietie«  of  cruciblea. 
Xlo    de^n^>    of   fubibility  of   cruciblea   and  other 

\s  bi^rtt  tt*ieert4iiued  by  a  direct  experiment  conducted 
Hvwiui*  nvaiiner  : — A  piece  of  the  substance  to  be 

ku*  this  purpose  should  present  numerous  sharp 

1^  a  re^ictory  crucible  lined  with  powdered  chflr( 

'      \toiit   possible  in  a  large  wind  furuiuje.     The 

'  '*''^'^'*  ixTty  then   allowed  to   cool,  and  on  afterw 

"     'ii.{    ^^lowlv  eiamining   its   contents,  it  wiD  be 

'     ''   I  "t  ijot  tlie  thin  edges  of  the  broken  fragment  * 

''        *^  <^''  rendered  trimslucent,  in  which  case  it  i 

^  »uUiUivat  otdiciition  that  a  commencement  of  fufiion  has 

j         The  wmn^ttbility  of  crucibles  by  limiida  ia  best  detemibed 


am^ 
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i< :li  varutv  ]H_4bre  any  appearance  of  dampneaa  can  be  per- 
il u  tllf  MUtLiidl\ 

1  br  purpose  of  aacertaming  their  power  of  reaisting  sudden 
s  uf  temperatuTt?,  crucibles  nmy  be  thrown,  without  any 
IS  Mmejiltng,  into  an  intensely-heated  furnace,  and  ailerwarda 
:iwTi  and  at  onc«  exposed  to  a  current  of  cold  air. 
••  diflercnt  kinds  ol  crucibles  are  used  by  assayers  in  tkis 
V,  vi/-..  the  Hessian,  the  London,  and  the  Comiah  ;   and  of 
ih»e  the  two  latter  are  the  moat  exteuaively  employed. 
Tlii>  -liMpo  of  the  Comiah  pota  is  geuerally  inconvenient,  firom 
llatness  at  the  bottom,  but  in  all  ca&es  where  great 
' »  be  employed,  and  sudden  changes  of  temperatureei  to 
'  fje,  they  are  to  be  preferred  to  every  other  variety,  ex- 

tti'iiii-  inij^e  manufactured  at  Beaufays. 

The  stone«  in  various  localities  employed  for  furnace  bottoms 
«e  chiefly  siliceous  aantlfitonea  from  the  coal  formations,  free  from 
^,  and  contaming  but  small  quantities  gf  oxide  of  iron. 


(m) 


IB03r. 


Jmom  It  s  mfinl  of  »  blttisb-gnr  eoloor  and 


polishing, 
macitj  tb 
tune  tlie  hordeift  of  those  which  ore  naOeftble 


greater 


to  acquire  a  ORiniBi  aa 
a  sDf  kiHinA  imrtaJi  and 


than  sDj 


Tha  iron  of  conuneroe  ia  not,  howefcr,  fWrairaHy  pore ; 
•idaa  eootatntiuf  Tariabla  qaao^tiea  of  caitai,  twos  of 
fttlpbur,  and  phoapbonif,  maj  tnTsnablr  be  delecied.    The 
fkenoe  of  theiie  Hubataooea  matemily  inducnoea  tiie  quality 
RittiAl,  and  therefore  for  objecta  requiring  great  nice^  of 
tbn  the  purest  varietiea  are  alone  employed. 

ThiiMe  impuritiei  may  be  removed  firoin  iron  by  tiie 
pioceai.     Home  fine  iron  wire  i«  first  eut  into  ahoit 
then  partklly  oxidised  either  by  heating  it,  with 
air,  or,  whtch  in  Htill  better,  by  paasing  the  vapour  oi 
at  a  red  Uvtu]  in  ii  porcelain  tube.     Tfca»,  on  being  withdravi 
tlio  tube,  Ih  mixed  with  a  irmall  quantity  of  pulverised  hard 
ajid  placed  in  a  puree  bin  crueible. 

The  port'tdnin  crucible  in  then  enclosed  in  an  earthen 
which  a  cover  ban  been  lut^d  with  ftre-elay,  and  the  whole  is 
in  a  fiirnaee,  where  it  i»  subjected  to  an  intense  white  heat 
thtJi  tnnitinent,  the  utiiall  Quantities  of  foreign  matter  which 
ifi  tln!  metni  are  oxidiwod  at  the  expense  of  the  oxide  of 
whilrtt  the  excesH  of  the  latter,  together  with  whatever  amount. 
nilirii  mny  have  hren    prddueed,  will  combine  with  the  ril 
flux  tiru!  form  a  (ila<^,     If  the  operation  be  properlr  eonduct< 
b\iiinTi  of  inetal  will  be  found  at  the  bottom  of  the  erucib" 
whieh  it  generally  ndherc»,  and  which  must  be  broken  in  on) 
d<ttftf'h  it.     The  irou  ihiiy  obtained  is  of  a  whiter  colour,  and 
mallejihh%  than  that  met  with  in  commerce,  but  posaessea 
toniwnty  and  ductility  than  before  its  purification. 

Pure  uictiiilir  iroti  mny  ako  be  obtained  by  paaning  a  ci 
hydrt)t,'f!i  v^nn  nv<T  one  of  it«  oaddes  heated  to  a  proper  temperal 
_     in  a  jjorciluiu  or  hanl-^liwt*  tube.     Thia  reduction  takes  plaoei 
■  low  rvil  /icat,  but  as  the  mtdal  produced  ^ill  in  this  ea^e 
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which  purpose  the  two  ends  of  the  tube  are  either  cloaely 

d,  or  closed  before  the  hloivpipe  when  stiE  full  of  hydrogen 

Th«  iron  so  obtained  has  the  property  of  absorbing  oxygen 

such  extreme  rapidit}'  as  to  cause  the  ignition  of  the  whole 

on  the  removal  of  the  corke,  and  is  thereby  converted  into 

tuoiide.     \VTien,  however,  the  experiment  has  been  made  at 

re  elevated  temperature,  the  reduced  iron  no  longer  posses«e« 

property,  and  may  be  freely  ex])osed  to  the  air  without  tlanger 

-'*ion/ 

1.   instead   of  oxide   of  iron,   the  protoehloride   is   thus 

n  u,  the  redueed  metal  adheres  to  the  sides  of  the  reduction- 

iu  the  form  of  a  brilliant  metallic  coating,  on  which  well- 

cubical  CTTRtala  of  metal  are  frequently  perceived, 
e  texture  of  commercial  iron  varies  according  to  the  nature 
prneesses  to  which  it  ha«  been  ftubjiected  during  its  prepara- 
A  piece  of  iron  which  has  been  equally  hammered  In  every 
n  will,  on  being  broken,  b©  found  to  have  a  tiiiely  granular 
but  when  it  has  been  drawn  into  long  bars,  in  which 
it  usually  cornea  into  the  market,  the  texture  will  be  iuva- 
\j  more   or   less   fibrous   in    the   direction   of  their   length, 
silkiness   of  appearance    ia    most    distinct    in   the    better 
ies  of  iron,  and  its  structure  i^  therefore  one  of  the  best 
s  of  the  quality  of  the  metal.     By  skilful  management  this 
ity  oiav,  however,  be  in  a  certain  dpgreL»  iirq)arted  to  the 
ner  vaneties,  and  it  is,  consequently,  unsafe  from  this  dr- 
ee alone  to  judge  of  tlie  value  of  iron.     It  is  also  found 
the  moat  fibrous  varietiea  do  not  retain  their  peculiarity  of 
for  an  indefinite  time,  but  that  atler  a  certain  period  the 
of  the  metal  often  AKaumes  a  crystalline  appearane4?.     These 
arc  most  frequently  observed  to  tjike  place  in  the  tension- 
of  suspeufiion-bridges,  and  in  other   situations  where   the 
is  subject  to  constant  vibrations.     The  same  effect  is  also 
ttced  by  friction,  and  for  that  reason  the  axles  of  locomotives 
railway  waggons  are  often  found  to  ocouire   a   cn'fttalltne 
•tructure,  and  art?  thereby  rendered  harder  ana  more  brittle  than 
the  meta.1  from  which  they  were  originally  made. 
Tn  order  to  melt  this  metal,  the  strongest  heat  of  a  wind  furnace 
red ;  but  when  combined  with  a  small  proportion  of  carbtm 
n  iH  more  readily  effected. 

::  melted  iron,  it  assumes  a  pasty  consistence  before 

lid  form,  and  it  is  therefore  extremely  difHoidt  to  nlitain 

I  lihed  state.     When,  however,  large  masses  are  allowed 

^l«>%\ly,  as  sometimes  happens  in  the  ease  of  the  W-atv^ 

;>port  the  sides  oi' furuaoes,  distinct  iudxcaXivatta  oS. 

^:n{nn  nro  r./.#i,/ned.     At  a  full  redVieal'icoiLToai 
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be  hammered  into  any  required  foitu,  and  on  being  lieat<?il 
whiteness,   two   bars   may    be    lirmly   joined    toe^ether  witl 
the  aid  of  any  kind  of  soldtT.     Thia  operation,  which  Is 
weiflhiff,  i«  effected  by  heating  two  picc^a  of  metal  until  tbej 
tenor  is  in  a  ^cmi-liquid  state,  aud  then  quickly  uniting  theio 
repeated  blows  from  a  lier.vy  hammer.     Considerable  expei 
13  requi.Hite  in  order  to  effect  this  object ;   for  on  heatinc;  ima 
the  requidite  temperature,   it  becomes  externaHy  cojitrd  v^i  " 
layer  of  oilde,  which  would  eflectually  prevent  the  uuiou  of 
two  frnt^nieuts  if  not  previously  removed. 

To  prevent  the  formatiim  ot  much  oxide,  as  well  as  to  coml 
with* that  unavoidably  produced,  a  little  siliceous  sand  is  qmi 
on  the  ends  of  the  pieces  which  are  to  be  united  before  theji 
placed  in  the  lire.     This  has  not  only  the  effect  of  combining 
any  portions  of  iLiido  that  may  he  Jormed,  and  thereby  renioi 
it  from  the  surface  of  th*;  metid,  but  tho  silicate  of  iron  thus 
duced  forma  a  kind  of  varnish,  which  eflbctually  preserves  it 
the  further  action  of  the  air. 

On  withdraw  irig  the  bars  from  the  fire,  thia  is,  by  a  rapid  m( 
of  the  mass,  shaken  olf,  and  two  perfectly  clean  metallic  hi 
are  thus  broui^ht  in  contact. 

Iron  and  nickel  are  the  only  metals  which  are  magnetic  at 
nary  temperatures.  If  a  mass  cd*  iron  be  either  broneht  in  coi 
with,  or  placed  at  a  short  distance  from  a  natural  or  nrtil 
magnet,  it  becomes  itself  magnetic,  but  loses  this  proj 
the  instant  tho  exciting  magnet  is  removed.  \VTien  iroa 
combined  with  a  certain  amount  of  carbon,  it  is  known  by 
name  of  steel.  This  substance  is  much  less  susceptible  of 
magnetic  influence  than  ordinary  soft  Iron,  but  when  onc?e 
power  has  been  commnnicatedj  it  is  retained  for  a  considt 
time  after  the  removal  of  the  magnet  from  which  it  was  acou 
Permanent  magnets  may  be  obtained  by  rubbing  a  bar  01 
either  with  loadstone  or  an  artificial  magnet,  and  in  this  way 
infinite  number  of  steel  bars  may  be  rendered  magnetic  without' 
at  all  diminishing  the  power  of  the  bar  by  which  tho  eftect  hw 
been  produced.  The  magnetic  power  of  iron  is  much  infliiem 
by  its  temperature,  as  the  magnetic  needle  is  biit  little  atfected 
a  mass  of  that  metal  when  made  red  hot,  but  in  cooling  it  wiH 
found  to  gradually  regain  its  magnetic  properties. 

Iron  may  be  indefinitely  esposed  to  the  action  of  di'\ 
even  of  dry  oxygen  gas,  without  becoming  oxidised ;  but  it 
or  gas  contain  any  portion  of  watery  vapour,  the  sti' 
metal  quickly  becomes  coated  with  a  layer  of  rugt.     1  i 
more  than  the  oxidation  of  the  surface  of  the  metid  n  In   i  15 
ID  a  moist  atmosphere.    TU©  fotm^Jnoix  oS.  Qiv\<i«  v*.  aI<*j 
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ted  hj  the  presence  of  carbonic  acid^  of  which  a  certain 
tfl  ttlwava  present  in  the  air;  for  under  tlie  influence  of 
id  and  oxygen,  n  eurbonute  of  the  [irotoxido  of  iron  is 
produced.  This  soon  tibaorbs  a  further  amount  of  mnia- 
id  oivgen  from  the  air,  and  is  thereby  converted  into 
k1  peroxide,  whilst  the  carbonic  acid  whieli  ia  evolved  facili- 
le  oxidation  of  a  further  portion  of  metallic  iron.  When  a 
rust  has  made  its  appearance  on  a  piece  of  this  metal,  the 
ti  of  the  remaining  portion3  is  Unuvl  to  be?  materially 
by  itfl  presence,  for  the  coating  of  peroxide  formed  being 
legativo  with  regard  to  the  metaUic  iron  which  is  beneath 
'  give  rise  to  a  galvanic  action,  by  which  the  metal  m 
id  positive.  This  electric  condition  of  the  metal  will  so  far 
its  affinity  for  oxygen  as  to  enable  it  to  decompose  water 
Muy  temperatures  with  the  formation  of  a  further  amount 
and  trie  evoliititjn  of  hydrogen  in  the  gaseoii«i  form, 
iron  thus  obtained  by  exp08un>  to  the  air  usually  con- 
buall  quantitiea  of  ammonia,  the  presence  of  which  in  iron 
AT  be  explained  bh  follows  :^ — The  water,  by  the  aiil  of  whieli 
oation  ia  effected,  contains  in  solution  a  certain  imiount  of 
consequently  of  nitrogen  gas,  which,  by  uniting  with  tho 
produced  by  the  decomposition  of  water,  leada  to  tho 
on  of  this  substance. 

formation  of  imimonia  in  ordinary  mat  of  iron  must  bo 
an  important  fact,  since  it  was  formerly  supposed 
presence  could  only  arise  from  the  decomposition  of  animal 
Whenever,  therefore,  ammonia  was  discovered  in  oxide 
the  blade  of  any  cutting  instrument  with  which  a  crime 
pofied  to  have  been  ctminiittcd,  it  was  constdered  a>i  a  sure 
that  tho  marks  produced  wero  the  eflect  of  spota  of 
unainijig  on  the  weapon*. 

pposition  is,  however,  entirely  erroncotis,  as  we  have  just 
i>  rust  caused  merely  by  exposure  to  a  damp  atmosphere, 
instances  contains  traces  of  this  substance, 
ti  iron  is  strongly  heated  and  exposed  to  tho  air,  its  surface 
ly  covered  with  a  coating  of  black  oxide,  which,  on  being 
nth  a  hammer;  easily  scales  olf.  It  is  this  pro|7erty  of  iron 
iusea  it  to  atford  sparks  when  struck  with  a  Hint  or  other 
Under  these  circumstances,  small  particles  of  iron  are 
y  the  flint,  which  produces  suflicienfc  heat  by  friction  to 
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ibe  particles  of  the  metal  incandescent  on  combining  with 
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the  oxygen  of  the  air,  and  bv  allowing  tKeee  heated  pflHirl^ 
fnll  on  any  eiLsily  ignitabk*  substanep,  such  aa  tinder  or 
fire  is  easily  obtained.     If,  instead  of  tinder,  a  piece  of  |  j 

held  beneath  tlie  metal  during  the  time  it  is  being  struck  bv  tin 
flint,  its  surface  soon  beeomea  covered  with  small  fragments  « 
biaek  oxide  of  iron,  fused  into  minute  globules,  and  ejisily  attnifda 
by  the  magnet. 

Iron  iH  readdy  attacked  by  liydrochloric  acid  with  the  formatifl 
of  protochloride,  and  the  evrtlutioii  of  hydrogen  gas.  By  vm 
uulphurie  acid  it  is  dissolved  even  in  the  cold,  hydpf>gen  gas  b«H 
ftt  the  same  time  given  off.  Concentrated  sulphuric  acid  nil 
attaeka  and  dissolves  iron,  but  in  this  case  the  oxygen  is  supplli 
to  the  metal  at  the  expense  of  the  acid,  and  sulphurous  add  »  I 
the  Hame  time  evi>lved.  Nitrie  acid  attatliH  ii.  with  the  evolutin 
of  abnudant  oitrous  vaponrH ;  but  if  the  nt'Jd  be  very  dilute  th 
iron  is  dissolved  withotit  any  apparent  escape  of  ga«,  nitrate?  i 
protoxide  of  iron,  and  nitrate  of  ammonia,  being  at  the  b 
produced. 

For  the  purposes  of  the  arts,  iron  ib  iuTarinbly  obtained 
native  carbonatei*  and  oxidetJ  of  thnt  metal  wliieh,  together 
various  less  important  ores,  will  be  hereafter  described. 

XatlTc  Irnn, — The  existence  of  this  ruetal  in  a  native 
for  a  long  ttine  a  matter  of  dispute  among  minemlfigists ;  btit' 
is  now  geuernlly  admitted  that,  although  of  rare  oceuiTcnce,  s 
mens  of  native  malleable  iron  have  been  oceasionnlly  discoverHL 

At  the  miuea  of  Kamsdort*  and  Eibestock,  in  Saxonv,  Tvanttf! 
and  Lehman  found  native  iron  forunng  the  centres  of  st 
masHCs  of  brown  hematite.     The  same  phenomenon  has 
observed  in  the  mountains  of  OuOe,  near  Grenoble,  by  Schreil 
who  adds  that  the  vein,  which  traversea  Gneisa,  had  not 
anciently  worked,  and  that  coneei|uently  there  could  be  no 
bility  of  thf^  jnetal  ha\  ing  been  at  a  remote  period  ]>laeed  {n 
mine  by  himian  agency.     The  lodt^  in  which  this  native  in>n  oc 
possesses  no  other  ivmarkahle  pecuharitjs  and  in  no  part 
the  slightest   evidence  of  having  at  any  time  experienced 
temperature.     From  the  appeanmee  of  specimens  of  the  iPOtt 
Kamsdorf,  which  are  in  the  collections  of  the  Jardin  des  Plan 
Ecole  de^  Mines  of  Paris,  it  woidd  appear  that  these  metaUic  k 
liave  l)eeri  produced  by  the  decomposition  of  a  portion  of  thp  ort 
in  which  they  are  imbecided  ;  but  in  what  way  this  change  < 
been  elfected  is  difficidt  to  understand,  altliough  it  hwi 
that  somewhat  giiuilartransforinationsare  oceasionaUy  produecctil 
eleetru-ehemical   agency.'     This    native    metal    is    not,    howcrt 
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h  like  ordinaiT  malleable  iron,  but  is  whiter,  more  ductile, 
somewhat  less  deiuse  than  that  artitieially  obtained. 

y  I  ram — Native  iron  is  also  somutiines  produced  by  the 
tjmeuus  ignition  of  aeains  of  coal  io  the  iinnifdiatc  mnnity 
of  ferruE^nous  deposits.  The  fra^ients  thus  produced  occur  in 
Ihe  Ibrm  of  small  button  ingots  with  a  finely  stnated  surface^  and 
•re  iu«ua!ly  known  by  the  name  of  native  stect.  They  are  excee- 
•iTely  harfl  and  iine-gmined,  and  when  broken,  present  a  fracture 
WftendilinjT  that  of  ordinary  cast  stfcL  A  niiias  of  thi»  ^ubstanct?, 
-  16  lbs.  6  ozs.,  was  discovered  boric  years  since  by  M. 
.  at  Labouiche,  near  Nery,  in  the  dcpaiinient  of  the  AJlier, 

iwhc-rtj  a  burning  seam  of  coal  ha<l  fiirmerly  existed, 
Wrteoric  Iron. — Lar^^e  masses  of  metallic  iron  are  occasionally 
d  on  the  surface  of  the  aoil  in  dill'erent  parts  of  the  globe, 
1  here  of  similar  appearance  have  from  time  to  time  been 
1  to  fall  from  the  atmosphere  in  the  ujeteorie  form, 
meteorites,  aa  they   are  called,  are  easily  clistiDnuished 
from  the  niasses  of  terrestrial  iron  before  defjeribed,  both  by  their 
itnicture  and  composition,  as  iiiey  not  only  invariably  contain  a 
greater  or  lesd  proportion  of  nickel,  which  never  occurs  in  the  ores 
u,  but  the  metal  itself  ia  usually  found  in  the  form  of  a  oet- 
eaclosing  crystaia  of  a  substance  in  appearance  resembling 
l)ut  which   is  soluble  in  acids.      Meteoric   iron  m  also 
(S  covered  on  the  surface  with  a  sort  of  black  siliceous  vaniieb, 
elTeL-tually  proteeta  the  exterior  from  the  rusting  action  of 
atmosphere,  although,  when  this  is  removed,  the  metal  ia  aa 
oxidised  as  common  iron,     Above  twenty  ditferent  masses 
sed  to  be  of  meteoric  origin  have  been  enumerated  as  exist- 
in  various  parts  of  the  world,  and  have   in  some  instances 
fiiroinh^-d  the  inhabitants  of  the  countries  in  wliich  they  are  found 
materials  for  making  knives,  spears^  and  other  inatrumentd 
ii»e-      Among  the  most  remarkable  of  these  \&  that  dis- 
by    Pallas!    in   iSiberia,  which    originally  weighed    about 
'.  ;   that  of  Bahia,  m   Brazil,  weighing  14,000  lbs. ;   that 
iiiBCOTered  by  Don  Kubin  de  Celis  in  the  diatrict  of  Chaco-GuOr 
Umba,  in  South  AmtTica,  weighing  30,(X)0  llis.  ;  that  of  Elbogen, 
ia  Btdiemia,  which  weighed  1%)  Ih^.,  und  that  of  Agram,  in  Croatia, 
which  fell  from  the  sky  in  1750  in  the  presence  of  many  witnesses, 
iFira  large  maa&ed  of  native  iron  are  also  mentioned  by  Captain 
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tliflt  the  wliolo  or  n  portion  of  the  iron  formorlj  existed  in  the  form 

ril«s   (biBuipkuret  of  iron),  whieh,    bet'otning   oiLidlucd,    not   only 

i  ccrtaiii  Aruotint  of  th*?  Holuble  sulphate  of  iron,  but  also  genorated 

LiU  wtioQ  an  etcctrie  current  of  euUluieut  iraWor  to  precifiiitate  a 

till}  iroa  in  the  metallic  fonu. 
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liosB  as  occtirrmg  in  Greenland,  and  Beveral  othera  have 
found  in  Africa,  oa  well  n»  on  the  continent  of  Nortb  America. 

Tlie  compoBition  uf  six  diftereut  specinicns  of  meteoric  iron  afV 
given  below. 


Iron  - 
Cobidt 

Iron  from 
StburLu. 

Irou  from 
Agrain. 

(ronfrom 
EJbogeo, 

Iron  frora 
Santa  Rosa. 

Iron  from 
Lotmt&ua, 

Irotifrrtm 
Atftcama. 

KJaproth. 

KJaproth. 

John. 

Bouasingaolt. 

Shtpard. 

*J8-60 
1-20 
OOU 

96M 
3-5fl 

91-26 
870 

o-oo 

91-40 
8  59 
000 

90KJ8 
0-00 

Besides  these  masses  of  metallic  iron,  numeroufi  tternlitt-^.  tnn* 
tainlng  other  Bubstane es  in  addition  to  that  metal,  have  at 
timed  fallen  from  the  atmosphere.     The  fuUo\nng  table  sh. 
per-centage  comjjoyition  of  aeveral  of  these  bodies  which  have  baeo 
examined  bv  vaiion«  chemista : — 


Sihca  . 
Alumina 
MagneBJa 
Xiime 

Oxide  of  IroQ 
„  „  H&ngaQMe 
Fotaah  . 
Soda  . 
Sulphur 
Iron 
Kickcl  . 
ChromJum     . 


1. 


48*25 

14  50 

200 

9-50 


2. 


3806 

347 

2yil3 

4-90 
115 


275  2-70 
23-UO  174t> 
Trace      136 


3. 


46  00 
6-00 
1-60 
750 

3600 
280 


1-50 
100 


3013 
3'82 

38ia 
014 

29  44 

Trace 
027 


0-86 
030 
770 
166 


33'90    43^ 

32<X)    ti-Qti 

81-00 

0^9 


—        3«0 

mno 
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1.  A  Btone  "vrhieh  fell  at  Htannem,  in  Moravta,  on  the  22<d 
Way,  1&08,     Analv&ed  by  Klaproth. 

2'.  A  fttoiie  whieli  fell  at  Ko«trit)!,  in  Buafiia,  on  the  IWi 
October,  1820,     Anah  bed  by  Sln>meyer. 
8.  AnalvHitt  of  a  utoue  \\hich  fell  at  JuU2ac,  ontho  13th  of  Ji 
19.     By  Laugier. 

Aualvsis  of  a  etone  which  fell  at  rT.utnim  Pr-fni^l    ngl 
p/*  June,  1841.    By  M.  l>ufreiio\ 
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ShowB  the  composition  of  a  stone  which  fell  at  Chaflai^nr, 
Lnngrcg,  ou  tne  3d  of  October,  1815,     Analysed  hy  M. 
[uclin. 

B.  A  fiUnw  which  fell  at  Liasa,  in  Bohemia,  on  the  3d  of  Sep- 
louiher.  1S()><.     jVnalyaed  by  Klaproth. 
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to  other  metal  is  so  universally  diffused  as  iron.     It  not  only 
in  Vk  vast  variety  of  minenila  na  forming  one  of  their  essential 
ients,  but  ia  »o  constantly  present  as  an  adventitious  mix- 
in  nil  mineral  substances,  that  the  rhemiat  seldom  makes  the 
of  an  inorganic  body  without  detecting  a  certain  portion 
metal.     A«  a  constituent  of  organised  bodies  it  is  also 
ly   common,   and  is,   in    varions    forms,    present  in   all 
i  w  ell  as  in  the  greater  proportion  of  vegetable  structures. 
liled  description  of  all  the  various  ores  of  iron  would 
nuich  more  space  than  is  consistent  with  the  limits  of  the 
jnt  work  ;  and  for  this  reason  such  ctnlv'  will  be  noticed  aa  are 
cxtentiively  applied  to  the  pui^oses  ot  the  arts. 
telle  Iron  Ore  ;  Fer  Oxt/dttk' ;  Mapieieisenstein. — This  «ub* 
of  which  the  primitive  form  ia  a  cube,  often  occurs  in 
idrons  and  dodecahedrons. 

possesses  a  cleavage  which  is  frequently  very  distinetlv  pa- 
'1  to  the  faces  of  the  octahedron.  It  is  brittle,  of  an  iron- black 
ir,  and  leaves  a  black  streiik. 

lis  on*  has  a  density  which  varies  from  5*0  to  51,  is  strongly 
^d  by  the  magnet,  and  sometimes  possesses  an  independent 


f  Peroxide  of  Iron 
[Protoxide  . 
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ehemical  composition  is  aa  follows : — 

.  7l-7S\ 
y^m  .         ,         .  28*22/ 

CorrespoDdiug  to  the  formula  FijO^  or  FejOs-f-FeO 

»c  iron  occurs  in  p^ranite,  gneiss,  mica-slato,  clay-slate, 

horiibknde,  and  chlorite,  as  also  less  frequently  in  the 

me  formations.     No  ore  of  iron  is  more  univereallv  diffused 

lis  oxide,  which  is  inferior  to  none  for  the  wamitacture  of 

Xinilv  all  the  Swedish  iron  is  obtained  from  this  ore,  which 

I  1  great  abundance  in  the  Island  of  Elba,  and  in  the 

H  of  America. 

ron  ;  Red  Ue}fiatife  i  Fer  Oliffisie  ;  jBiiren</Ianz. — •TJVa^ 
bvJangv  tv  the*  Jourth  cryBtaiiino  8VBtt*m,  and  ^'Ven  oc- 
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•SiUTiug  in  crystala,  ia  generally  found  in  complex  inc»difi(.. 
tne  rhombohedron,  among  which  the  figures  given  bene*tU 
most  com  man. 


91. 


93. 


»i. 


95. 


These  crystals  are  of  a  dark  steel-grey  colour,  opaque, 
when  in  very  thin  lamiuae,  in  which  ca»e  they  are  traLualuoi^nt, 
of  ii  deep  blood-red  tin^e. 

It  leaves  a  cherry-red  or  reddish-brown  streaky  and  has  ai 
gravity  varyinf^  from  4S  to  5*3.  Pure  specular  iron  consiata 
of  peroxide  of  iron,  of  which  the  per-centage  composition  i» 


Iron 69  34  \ 

Oxygen ,    ,    .    .    .  ao-66  } 


Pormula,  Fe^Oj 


10000 
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Ked  iron  ore  presents  several  varieties.     Fibrous  iron,  or 
heftiatife,  occurs  in  fibrous  reniform  masses.     Mlien  the  ore 
amorphouB,  mid  does  not  present  any  indiciitton  of  columnar 
tiire,  it  is  termed  rmnpaci,  and  if  contaminated  with  argill 
impurities,  it  is  known  hy  the  name  of  red  ochre.     Micacet 
IS   specular  iron  with   a  foliated   structure.     VHgutir  irom^ 
glance^  and  rkombokedral  iron,  are  merely  other  names  for  sj 
iron  ore.     Ja^pery  clay  iron  ore  is  an  ore  of  a  brown iish-red  col 
with  a  large  flat  conchotdal  Iracture.     It  is  very  compact,  and 
a  jik^per)'  appearance.     The  uame  of  lenticular  clay  iron  is  pil 
to  tins  substance  when  it  occurs  in  small  flattened    j 
sembling  oolite,  as  at  Leitmentz  and  Elbo^en,  in  Boheit 

This  ore  occurs  both  in  the  crystallinB  and  stratified  rucks.      ' 
the  purer  varieties  are  always  found  in  the  older  formations,  m  i  i  i 
the  argillaceous  ores  are  commonly  met  with  in  secondary  tii  k^ 
Beautilully  crystallised  specimens  arc  obtained  from  the  ishin  ;  .i 
Elba,  where  iron  mines  were  anciently  worked  by  the  EoKiaiis. 
also    fi*om    St.    Gothanl,     Arendal    in     Norway,     in     Sw«.ii»u. 
Framont  m    liorniine,  Bauphine,  and   Switzeriand.     Very  bril* 
liant  crystals  are  also  iTcqueutly  formed  by  sublimation  from  ihe 
fbsun^s  of  volcanic  districts.     Fine  specimens  of  this  kind  tpe 
procured  from  Stromboli  and  Lipari,  as  also  from  Etna,  Yesuviti^ 
and  Auvergne,  but  those  from  the  last  three  districts  are  uaoal^ 
flmnllcr  than  those  coming  from  the  fiwt-named  localitien. 

Bed  beimtite,  in  reuifoTm  maa)a««Y  \a  f^^uivd  in  moRj  V^iU  of 
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iw:ill    at  t!l?erstone,  ia  Lancasliirc,  in  Saxony,  and  variona 

Ji   .  ...  ...;ttite,  wlien  ground  to  powder,  is  sometimea  used  aa  a 

piguiont,  Olid  in  this  state  ia  also  employed  for  polii^hing  raetttls. 

As  a  aource  of  metallic  iron^  the  peroxide  is  of  jj^rent  importance, 
tih  from  ita  vurioiia  ores,  a  considernbli?  portion  ot*  the  iron  nianu- 
fai*tiired  in  diflerent  parts  of  the  world  iw  obtained.  It  does  not, 
however,  yield  so  large  a  per-centage  of  metal  as  the  mugnetiti 
V,  and  the  specular  varieties  have  the  disadvantafje  of  being 
^whnt  ri-fi-at-tory  in  the  fiirnace.  This  incoiiveiiienee  is  obviated 
us  mixture  of  other  ores,  "when  they  yield  iron  of  an 
ti  ality. 

raw  a  Iron  ©re;  Fer  Oxyde  hydrate;  EUenstein. — A  mineral 
»  brown  or  brownish  colour,  yielding,  when  crushed,,  a  yellow 
|Kwder.  Its  density  varies  from  8-8  to  i"2,  and  when  pure  yields 
^  per  cent  of  metallic  iron.  It  usually  occurs  in  the  massive 
form,  but  ^ariea  in  Btructnre  according  to  the  locality  in  which  it 
fc  l/miluced. 

substance  is  a  hydraied  peroxide  of  irou^  and  ia  chiefly 
1  to  the  sedimentary  fonnatious.     A  snecimeu  of  compact 
hematite  from  the  Lower  Ehincj  analysed  by  Vauquelin, 
—uivivd  the  following  results ; — 


PrrMvIdr  of  Iron 
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iji  per-centage  corresponds  to  two  atoms  of  peroxide  of  iron 
id  with  three  equivalents  of  water,  and  its  formula  will  eonae- 
tlybc  2Fe,0,  +  HlI0. 

ore  is  frequently  found  in  pseudomorphic  forma,  among 
wliich  cubes  and  octahedrons  produced  by  the  decomposition  of 
lAtu    h\  rites  are  the  most  common.      It  also  not  untrequently 
M  rhomhohedrons  formed  by  the  substitution  of  carbonate 
,  ...  iw  also  in  the  xnoulds  left  by  the  decomposition  of  shells 
madriL'pnretf,  whose  shapes  the  mineral  consequently  assumes, 
Bometimcs  also  forms  stalactites,  having  a  fibrous  or  compact 
re,  and  in  the  centres  of  these,  aa  at  Oulle,  pieces  of  mo- 
iron  arcs   occasionally  discovered*     In   some  localities  this 
i«  founii  in  hollow  reniform  masses,  inclosing  in  their 
tie  globular  fragments  of  the  same  substance. 
Is  one  of  the  forms  of  this  hydrated  oiL\de,  s«id\ft  ic^ 
^iouDd  in  hirgv  deposits  in  the  oolitic  formatloiift,  viVcro 
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Wf  citlier  cemented  together  bj  the  same  substance,  or 
~  bodies. 

often  occuTB  in  an  earthy  state,  and  when  n&t 
m  oonaiileidble  proportion  of  iLluimnous  matter, 
aoHaess  of  texture,  and  is  kno^-n  by  the  n&mdj 

h  in  many  c^ountries  one  of  the  most  pit 
of  in>n.  and  m  that  which,  in  the  oolitic  I 
bj  fu-  the  greater  number  of  the  French  iron  works. 
Vat  H«te  it  ia  fonnd  in  large  quantities  in  Normandy, 
lNu|i.iindY,  Lorraine,  and  man}'  other  places ;  and  when 
ftr  the  purpose  of  separating  the  lighter  impurities,  yu 
^srellent  material  for  the  manufacture  of  iron.     It  is,  howc 
ivmarked,  tliat  wheneTcr  the  beda  of  oolitic  iron  are  foni: 
alternate  with  calcareous  deposits,  the  metal  produced  ia 
Iklittlo  (cold  short),  and  coui*eqyently  unfitted  for  miiny  pi 
to  which  pure  iron  can  be  applied.     This  ia  attributed  to 
tseuce   of  phoHphorua^  derived  from  the   organic   matter  all 
present  in  *dialk»  and  which  haa  the  property  of  rendrriug  if 
extremely  brittle,  even  when  preecut  in  very  minute  quautitT. 

•iotlittr;  Fer  hydroxide  ;  Rnbin-Gliminer — ia  an  oiide  of 
coulniuing  oiio-hnlf  the  amount  of  water  which  is  present  in 
ordinary  livdrated  ore  a.     Tliia  variety  is  comparatively  rare, 
occurs  in  the  form  of  acicular  crjstals  iu  various  localities, 
found   associated   with  quartz    iu   the   cavities   of  eandstonfl 
Clitlon^  ucor  Bristol  j  in  pure  black  crystals  at  St.  Just  and  ~ 
vithiel  in  Cornwall,  also  at  Lake  Onega  in  Siberia,  and  at 
iu  Nassau. 

A  specimen  of  this  substance  from  St.  Jnst,  analysed  by 
ton,  WAS  found  to  be  composed  of— 

Peroxide  of  Iron 91-70 

AVater K50 


100-20 


Tliitf  corresponds  to  three  equivalents  of  peroxide  united  ta 
two  i»f  watefj  and  its  composition  ia  therefore  represented  by  tbik 
loniiula3Fc-0,  +  2UO. 

I««ii  ryriirw;  Fer  Snifure ;  Eisenhies,  crystallises  in  the 
cubic  svstem  frequently  in  pentagonal  dodecahedrons,  also  in  o©« 
tahedrvi'ui  and  culies,  more  or  less  inudiiied.  Colour,  bronze-yeDow, 
with  a  metallic  lustre  ;  streak,  brownish-black  ?  specific  ^vity, 
itom  4'S  to  5*1;  is  brittle,  and  strikes  tire  with  steel;  does  not 
XWld  to  th0  kuLTe.    Il^e  cWava^e  \a  ^wci^^V  Vq  \.Vka  Caces  of  tbo 
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and  crtuhedron :  when  struck,  it  breaka  with  a  eoneboidAl 
rcn  fracture.     It  ccmsistg  of — 

Iron 45-74 

tsulphur 54  26 


10000 

two  atoine  of  sulphur  united  with  one  of  iron,  and  is  there-  §. 
represented  by  the  fomiuhi  FtS.^. 

)me  of  the  more  common  forms  of  the  crystals  of  tins  substance 
fprt^euted  below. 


pyrites  occutb  in  small  cubical  crystals  in  veins  and  in 
UB   elate-rocks   and  coal-fields,  and  in  globidar  coucretiona 
ded  in  induratt'd  clay  and  chalk. 

alao  accompanies  tLe   ores   of  all  the  other  metals,  and 

ds  from  the  oldest  primitive  roeke  up  to  the  newest  alluvial 

ts.      It  usually  oceuj's  crj'stallised,  but  ubo  in  iiTegular 

and  imitative  forum ;  re|jliit-iug,  in  many  instances,  remains 

th  animid  and  vegitublc  origin, 

le  erybtals  from  the  iahind  of  Elba  are  extremely  large  and 

beautifiiJ,  and  oflcu  present  pentagonal  dudeeabudrona  of  three  or 

fcur  inche«  in  diameter.     The  Cornish   mines  furnish  cubes  of 

gifTintir  dimensions,  and  very  perfect  octahedrons  ol"  equal  size  are 

i  from  Sweden.     Besides  occumug  in  all  districts  which 

I  ither  metallic  mijierala,  it  is  ubuiidantly  found  in  many  of 

liie  coal  iieldft,  where,  by  its  oxidation  and  euuvertsiou  into  sulphate 

'  iron  (green  coppera>),  it  sometijuea  produces  suilicieut  heat  to 

spontaneous  ignition  of  the  cual  with  which  it  is  associated. 

n  pyrites  is  never  metalhn'gically  treated  for  the  sake  of  the 

iron  \ihieh  it  contains,  but  is  fret|uently  cinploved  as  a  source  of 

Wilphur   in    manufactories  of  alum  and  sulpiiuric   acid,     AVhcn 

lieftted  in  the  bumere  attached  tu  sulphuric  aeid  chaiiibera,  good 

pTrit<*8  yields  about  17  per  cent,  of  sulphur,  m  bich  is  burnt  and 

Cdidiiied  in  the  Ufeual  way  ;    but  the  sulphur  thus  obtained  always 

arpcuie.     The  fixed  residue  which  lemaiuij  in  the  retort 

being  withdraMTi,  thrown  in  heaps,  and  there  oiidised 

t.r      -iiir  to  tl\e  air  in  a  moist  state.      The  sulpliate  of  iron 

«}  lirtiird  is   from  time  to  time  removed  by  lixiTiation,  and 

•*d  to  collect  in  sunken  receivers,  from  which  t\ie  fto\\i\\oTt 

swds pmnpvd  into  eraporutors,  where  the  crysla\EaQAAS>u 
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subsequently  effected.  A  pigment  commonly  know^n  hj  the 
name  of  cokotkar,  or  purple  brown,  is  obtained  from  the  undU* 
solved  matters  remaining  in  the  heaps.  This  mineral  (ii\m  m* 
rites)  fret]ncutly  contains  smail  quantities  of  gold  and  silver,  tut 
tbose  are  i^eldom  present  in  sufficient  proportion  to  allow  of  ihist 
being  profitably  extracted. 

Wbft«  Iron'ryrltcii;    Fer  Sufftt re  Blanc  ;    Sparkie*. — Tl^i-*  ^w 
has  the  same  com  position  as  common  iron  p3Tite»,  but  ei- 
in  forms  derived  from  the  right  rhombic  prism.     The  o-i.-.*.    » 
this  eubstauee  is  lighter  than  that  of  the  ordinary  variety,  aodit 
is  at  the  same  time  more  liable  to  spontaneous  deeomposicioa, 
givea  a  brown irfh-blaek  streak,  and  pohseaaea  a  density  v 
ftom  4'65  to  4*90.     This  sulphuret  frequently  occurs   iii 
crystallised  masses,  which,  from  some  supposed  resemblance  to 
comb  of  a  cock,  is  called  cockscomb  pyrites.     Large  uuantiti 
this  mineral  are  found  imbedded  in  the  plastic  clay  of  the  bi 
coal    farmatioua   at   Littmitz    and   Alt^attel,  near   Carlsbmli 
Boliemiii,  where  it  is  employed  for  the  manufacture  of  sul 
a«id  and  alum.     It  is  a  mineral  of  frequent  occurrence  in 
all  our  mineral  districta,  and  is  often  found  in  delicate 
concretions  in  the  mines  of  Cornwall. 

]laini«tle  Iron  ryrlt«»;  Pyrite  Moffneitque;  Leber kie9, — -1 
▼ariety»  which  is  much  less  conmion  than  the  foregoing,  i* 
times  found  in  hexagonal  prisms  belonging  to  the  fourth  crys 
eystem,  but  more  frequently  exists  in  crystalline  plates,  m  at 
Kouigsberg  in  Norway,and  Andreasberg  in  the  llartz.  CryatailiicHi 
specimens  are,  however,  extremely  rare,  as  it  gcnenilly  forms  aaiOf' 
pnous  masses,  filling  the  fissures  of  certain  crystallised  rwkn.  It 
tuis  a  specific  gravity  varying  from  4'6  to  465,  with  a  colour  b«jtwwtt 
bronze-yellow  and  copper-red,  and  leaves  a  djirk  git«)'ish*hlidc 
streak.     Its  composition  is — 


Iron   . 
Sulphur 
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This  is  ftHind  to  corre8j)und  to  seven  atovu 
sulphur;  and  the  mineral  may  therefore  h* 
of  the  protoaulphuret  of  iron,  and  i' 
formula  will  be  Fe  8,  -f  0  Fe  H.     Alth 
other  Hidjdiurets   of  irou^   the   grnnulur, 
Tarit'ties  of  this  substanet^  are  far  frt>m  r.i 
l   with  iron  pyrites,  it  is  S" 
lb  that  mmta^  £ot  Kht  \b^u 


id  and  sulphate  of  iron,  hut  is  not  found  in  aufficient  qtiantitj 

bt  e^teu^ively  applied  to  any  useful  purpose, 

^f^fnlrAl   Iron    ryrlte*  ;   Pyrite  Jnienirate ;   MiMpickcl. — Thii 

1  is  ftrqueTitiy  asaociated  with  the  ores  of  tin^  aud  either 

in  aniorphou*  masftes  or  in  cryataLs  derived  from  tht«  right 

<•    prism .       Its    colour  is    ^eyish    eilver-white,    with   a 

L*  lustre,  and  granular  unequal  fracture.     Specific  gravity, 

7  to  6*2.     Streak,  greyish-black.     When  fui*ed  on  ehareoal 

the  blow-pipe,  it  gives  off  copious  white  arsenical  fumes, 

by  the  characteristic  smell  of  garlic,  and  the  fused  button 

"•»»n»  attracts  the  magnetic  needle.     In  appeamnce  this 

hears  a  certain  re«embknce  to  uraenical    cobalt  and 

as  well  as  to  antimoninl  silver,  but  may  easily  be  di»- 

froni  them  all  br  the  magnetic  properties  of  the  button 

I-"  ^'tviduced  on  the  charcoal,  which  in  the  case  of  the  other 

.Is  enumerated  does  not  aifect  the  magnetic  needle.    Besides 

'    ''  communiaites*  a  blue  colour  to  l>omx  ;  nickel  gives  it 

:reen  tint;    and   from   antimonlal  silver,   a    button    of 

!  '  silver  is  easily  obtained  when  heated  by  the  blowpipe  on  a 

f  charcoal.     Tlie  composition  of  roiapirkel  iSj  according  to 

auaJysis  of  Chevreul — 

Sulphur 20132 

Arsenic 43-418 

Iron 34-938 
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It  follows  from  this  that  arsenical  pyrites  is  an  arsenio-sulphuret 
'i»n,  represented  by  the  formula  Pe  S,  +  Fe  Asj,  in  which 
iP'Ortion  of  the  sulphur  of  ordinarv'  pyrites  has   been  replaced  by 
re.     Mispickel  principally  occurs  in  the  priniilive  tumiations 
^ircompanying  ores  of  silver,  lead,  and  tin,  and  is  also  associated 
lith  pyrites,  quart*,  and  blcude.     It  is  exclusively  worked  as  an 
Oir  of  arsenic,  as  from  it  the  greater  portion   of  the  commercial 
oxide  of  arsenic  is  prepared   hj   sublinintiuu.     iVrsenical 
is  plentiful  in  some  of  the  mining  districts  of  8aiony, 
also  occurs   in  considerable   quantities    in   the    Hartz,   Bo- 
Sweden,    and   at    Huel    Unanimity,  aud   other   Cornish 

Amotomoafl  Ar^cnlciil  Pyrites ;   Fer  Artenicale  Axoinm e.-^ThiS 

It  a  tomparatively  rare  minend^  which,  although  generally  found 

(imoq>hou8,  sometimes  occurs  in  the  same  fonns  as  the  foregoing, 

I  ^  appearance  tills  substance  resembles   mispick^l ;  Vnij*  ^ 

.  ,}U'  i/tnwg  from  71  to  7'4,andpob8e8aehavfe\ivin;^Hy^ 
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cleava^  parallel  to  the  base  of  the  prism.     Acc^ordinir  t«  i^ 
oual^aia  ot  Holfmmin,  this  substance  is  competed  of 

Sulphur I'fll 

Arsenic 65"99 

Iron  ..." 28  OtJ 

Gkmgue  . ,     ,  217 

9810 

This  corresponds  to  two  atoms  of  arsenic  united  to  one  <yi«i" 
valeut  of  iroQ,  ainl  ita  formula  will  therefore  be  Fe  Asj,  in  *l 
the  sulphur  of  ordiuftry  iron  pj^itos  ia  replaced  by  an  eqtiti 
amount  of  arsenic.     This  ore  is  found   associated  with 
nickel  at  Helilidming:,  in  Stvria  ;    with  serpentine  at  Reich 
in  Silesia;  and  in  a  bed  of  sparn^  iron  at  Loling,  in  C  i 

CnrUunnte  of  Iron  ;   Fer  Carbonafe  ;  Eisenkalk — oc< 
bohedrona  and  six-sided  pnams,  and  may  ea^^ily  be  mis.t. 
bonste  uf  lime,  from  which  the  cryiitals  sliji^htlv^  differ  in 
their  angles.     Is  more  commooly  massive,  with  a  foliated  uoii  dUfi 
what  curved  structure.     Sometimes  inglobuUircoucreiitm^.  arf 
ticular  masses.     Colour,  light-grey,  but  when  exten 
posed  becomes  dark-brown  or  nearly  black.     It  is  usi 
opaque,  with  sometimes  a  pearly  lustre»  but  smidl  tran 
crystals  have  been  found  in  the  neighbourhood  of  St.  Au- 
Cornwall,  where  it  occurs  in  scaleiiu  dodecAhedrons.     Streak  nn^ 
coloured.     Specific  gravity  firom  3*0  to  3*85.    When  pure,  is  com- 
po0ed  of 

Protoxide  of  Iron  01 '37 

Carbonic  Acid .  38ti3 

^^H  lOOOU 

^Tfn^  consequently  a  enrbonate  of  th(?  protoxide  <  '  i^ 

represented  by  the  formula  FeO,  Ci\    Spathoso  iron  ifl 

rocks  of  very  diflerent  a^es,  and  is  frequently  obscrvi  ^ 

pany  other  metallic  ores,  such  as  those  of  lead  and  ci  '^k 

Donate  of  iron  is,  however,  most  plentiful  in  jET;^uci-s.s  |l 

and  tlie  coal  formations.     The  bt'ds  oi  Styria  niiii  C.ir  <<« 

in  gneiss;  that  oi  the  Tlartz  b  found  in  grey-^\  tfl 

Ent^Ush  deposits,  from  which  tho  i:re:itfr]7ortinn  « 

factured  in  this  in>untry  ia  ol>i  fl 

the  coal  forrimtton.     Thin  mini  i  ;■ 

same  pit^  by  wliich  the  coaU  are  raided  to  tl  *ifl 

occurs  in  reoll'triii  iitiil   It'iitimlin' ^^nW  irljt.    i  \^k 

thiiJhl  in  tUr  .fl 
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ihus  affonled  to  tlie  iron  inanufactiirer»  by  the  preaeuce  in  tlie 

«ime  locality  of  tbe  ores  and  the  fuel  required  for  their  reduction, 

«pe  eridently  the  chief  cause  of  the  great  superiority  of  tbo  iron 

worki*  of  Great  Britain,  and  the  low  price  iit  which  that  metal  ia 

firoduced.     The  principal  deposits  of  this  subytauce  in  the  united 

rn  are  thoae  of  iJudloy,  the  products  of  which  are  chielly 

Liveroool ;  those  of  Lanarkshire  and  Ayrshire,  in  Scotland ; 

ami  those  of  Walet»,  which  are  situated  on  tbe  sea  coast. 

All   coal   formations  do  not,  however,  produce  iron  ore;   the 

'^tle  district,  which  iti  perhaps  the  richcj^t  coal  Held  in  the 

viejdtt  rto  little  iron,  that  the  funiaces  whicli  are  worked  in 

''ourhood  are  principally  supplied  by  ores  brought  by 

"Hisiderable  distance.     The  French  coal  iicldw,  also,  do 

icld  a  sutlicient  amount  of  carbonate  of  iron  to 

1 1  tion  a  matter  of  impurtance;  but  to  thiij  peculiarity 

she  basin  of  Aveyron  is  a  remarkable  exception,  the  HouriBhing 

iron  works  of  Beca^eville  being  supplied  both  with  ore  and  coal 

fc)m  :«enm9  in  their  immediate  neighbourhood.  The  ores  treated  for 

"^••■^I'lirgic  pnrposea  are  always  more  or  less  impure,  and  usually 

rom  24  to  35  per  ceut.  of  metallic  iron.     The  following 

-■^t  of  which,  those  of  the  Scotcb  varietieH  are  by  Colquhouii, 

•   French  by  Berthier,  show  the  composition  of  some  of  the 

jrc  common  ores  accompanying  the  coal  deposits,* 
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Ores  containing  small  quantities  of  manganese  are  found  to 

''"oe  excellent  iron  for  the  purposes  of  the  steel  manufacture, 

\  tbe  preeeuco  of  a  large  amount  of  magnesia,  ia  usually  detri- 

'  Dtdh^of,  Traitt  do  Mineralogu*,  t'>].  ii.  p.  504 » 
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lental  to  the  qtiality  of  tlie  metal  obtained :  when,  bowcrfr.  it 
merely  preseDt  in  Hmall  quantities,  together  with  a  port i 
it  tends  to  liquity  tho  Hlags,  aud  ig  therefore  rather  advm     !, 

mrcinte    Iron;    For   Chrome;   EUenchrom — crj'stallises 
cubic   svdtem,    and   is   sometimes   found   in   octahedral 
without  distinct  cleavage.     Commonly  occurs  in  the  niiisaii 
is  of  an  iron-black  or  browniab-black  colour,  and  when 
presents  a  dull  uni'Ton  surface.     It  is  slififhtly  attracted 
magnet,  has  a  dark-brown  streak,  and  a  density  varniig  froraj 
4*5.    When  fused  with  boras  bt'fore  the  blowpipe  this  minei 
niunieatea  a  fine  green  colour  to  the  button.     The  beautiful' 
coloui'  of  the  emerald  ia  due  to  the  presence  of  oxide  of  chroniiai 

Chrome  iron  appears  to  be  essentially  compojif^d  of  pi 
iron,  alumina,  and  i*esqui-oxide  of  chromium  ;  but  aa  thr 
are  isomorphousi,  they  seem  to  replace  eacli  other  in  v; 
port  ions.     A  specimen  of  crystaliiried  chrome  iron  from  i 
U*  S.,  analysed  by  Abich,  afforded  the  following  results — 

Oxide  of  chromium 6004 

Protoxide  of  iron 20' 13 

Alumina 11*85 

Magnesia 7*45 

99i7 

Chrome  iron  is  ordinarily  found  in  veins  traversing  serpnitii 
rock,  and  occurs  in  Styria  and  the  Shetland  islands,  whore  it 
obtained  in  sufficient  quantity  to  render  it  an  article  of  etmt, 
Octahedral  irrjstals  have  been  met  with  in  New  Jersey,  bu^|| 
other  localities  it  is  found  in  the  massive  state  only.  ^H 

Amorphous  chrome  iron  is  obtained  in  France,  Silesia,  B<fflH 
and  Greenland.  Is  principally  employed  in  the  art«  for  thopi 
pose  of  making  chromate  and  bichronmto  of  potash,  whir*^  ^ 
used  in  the  manufacture  of  various  red  and  yellow  pi^menl 
this  purpose  chrome  ore  in  fine  povrder  is  heat4?d  in  a  revert 
funiace,  carbonate  of  potash,  mixed  vnith  a  portion  of 
occasiunally  added,  and  the  masa  constantly  stiiTcd  to 
the  oxidation. 

By  this  means  chromic  acid  is  produced,  which, 
portion  of  the  potash  present,  forms  an  impure  <-hr> 
contaminated  with  a  certain  anjount  of  tl  mv 

t«»f  the  same  base.     On  removing  the  mi 
[liarc  it  it  lixiviated  with  hot  water,  \ 
of  the  soluble  alkuline  Malts.     Tu  thi 

■  mnd  is  addcrl.  which  nut  only  j  ii 
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tlie  IncltTTtmn tf*,  rtrttl  this  being  much  leea  soluble  than  the  cbro- 
loate,  i'  ted  by  crysttdlisation.     This  salt  is  purified 

by  a  He*  ition. 

Tui«sfiU«  (If  iron;  Scheetin  Ferruffine  ;    Wolfram. — A  mineral 

of  a  brovru-blfuk  or  iron-blftck  colour.     Occiirriiip^  either  iu  crys- 

U1j(  df  rived  from  the  rectangular  or  right  rhombic  prism,  or  in 

nL\.^-.i  ^  which  are  distinctly  laiuellar  in  one  direction.     It  ia  also 

les  foiuul  in  paeudonuirnhoutt  forms  imitative  of  tungHt»te 

u.x.c.      8treak,   browmish-bbck.      Bcusitv   from   G'3    to    68. 

Cletrage  tcderably  perfect  iu  the  direction  ot  the  laminse.     A  spe- 

cimcn  from  Limogca,  analysed  by  Eb^lmen,  gave  the  follomtig 

Tungstic  Acid 72'20 

PiHitoxide  of  Iron U)19 

„         Manganese ,  448 

Magnesia '80 

90-67 

Tliti*  iiTid  other  analyses  show  this  substance  to  he  a  double 
*  '  'iron  and  mnncjauese  (Fe,  Mn)  O  +  WO,i,  but  a«  the 

I'  if  these  mctnlr*  are  isomorphoua,  they  are  capable  of 

^piiinng  t'jicli  other  in  all  proportions. 

Wolfram  gencr.dly  acrompimies  tin,  particularly  in  Cornwall, 
'"bcre  in  many  places  it  occurs  in  such  quautities  as  to  ma- 
Wfiaily  detract  from  the  value  of  the  ores  with  \\hich  it  is  asso- 
pitcd.  It  is  also  found  in  the  tin  mines  of  Bohemia,  as  well  m 
ifl  Greenlnud.  Siberia,  and  at  Limoges,  in  France.  This  mineral 
W  bei?n  recently  employed  for  the  purpose  of  making  tnng»tate 
«fW,  which  iij  intended  to  be  used  as  a  pigment  instead  of  the 
iBdinajT  carbouutc  at  present  in  coniraou  use. 
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Pur    the    purpose    of    analvsis,     iron    is    almost    invariably 
ifiir^ed  in  the  ^tivle  of  peruxiile,  froni  the  weight  of  wliich  the 
*'  iron  is  easily  deduced  by  calciilatinnJ     When 
ready  furmed  in  a  liquid,  it  is  bcBt  precipitated 
.y  ammonia  or  itw  carbonate,   care   b*Hng  tnkcn   not  to 
on  n  cold  solution^  as  in  that  case  the  oxide  will  be  de- 
9M  a  hvdrated   gelatinoua   mass,    extremely   difficnlt  to 
^    *vwhmg.     AVheu,  on  the  contrar)*,  the  iron  is  present 

•  t\roudiP  vfiron  yk!da  70*0  per  eeiiL  of  inetnlUc  uou. 
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in  the  form  of  protoxide,  it  19  neceM.in''  before  pr 
convert  it  into  peroxide.     This  may  be  effected  eithn  *». 
tion  of  nitric  acid,  und  tlie  s^ubHequeiit  ebidlitioii  of  thr 
OP  by  pa.'^slniG:  through  it  a  current  of  chlorine  giis.      In  tnr 
case  the  excess  of  cfdorine  is  ex|M.'lled  by  boiling,  and  the 
of  iron  aftcrwarda  precipitated   by  iittmionia.     The  ojtii' 
protoxiiie  of  iron  may  aUo  be  produced  by  boibng  the 
which  it  18  contained  with  hydrochloric  acid  and  a  littl 
of  pf»tatfh.      In  tluH  imstanee  the  oxi(hUion   of  the   pr 
caiieiod   by   tlie    miituiii  deiom position   of  liydriM*hh)rie 
chlorate   of  potash,  by  which  chhjriue  beint;   not  free,   | 
from  its  g^reat  Affinity  for  hydrogen,  the  peroxidation  0I 
presient.      AMieu  i»Teat   annlyticaj  exactitude   ia   requir 
of>en  found  advantti^eoiis  to  precipitate  the  iron,  by  either^ 
snccinrtte  or  beuzonte  of  anunonia,  instead  of  employing?  the 
nlkali.      These   reagents   preei[>itate   oxide  of  irtm    inurh 
completely  than  can  be  effected  by  the  use  of  ammonia  ;  for  it 
substance  be  added  in  exeeKs,  a  Hm.ill  portion   of  the  «e>»cp 
at  tirst  precipitated  is   redissolved  in  the  pn*cipjtant,   -'"^ 
rp!*ult  obtaiJied  to  a  certniti  oitent  vitiated.     The  pr 
•uccinate  or  benzoate  of  iron  is  first  deeom])osed  by   ^ 
platiinim  crucible,  and  then  weiiirlied  in  the  stnte  of  j 

It  i*ometiiiiei!i  happens  that  the  operator  is  oblijjeti  10  ii 
the  scsipnoxidc   by    the  use  of  cnustle  potns.h   added   1 
Wlieu  this  is   done  the  precipitate  invarwdily    relain«  trati 
the  precipitant  which    can  only  be  rcna}ved  by  lonp  con! 
washing  in  diytiiled  water.     Shouhi  the  quantity   of  inm  pi 
be  InrL^e,  the  [)recipitate  first  obtained  it*   mvM  rend  11  v   fretn! 
potash,  by  redissohin^  it  in  dilutt*  1 
neutralisin;T  by  ammonia  and  sub»equ* 
ciuate  or  benzoate  of  that  idktdi.     Wlien  the  »ob 
argauic  matter,  such  as  siii,'ar,  t^tjiroh.  or  certiiiii  of  i 
acids,  the  peroxide  prc}*eut  h  no  loD^r  precipitabJo,  eil 
ammonia  or  its  carbonate,  and  it  nm»%  in  that  en*-*    b«'  ii 
with  sulnhide  of  ammonium,  which  precipitates  th* 
iron  in  the  form  of  gnlphun^t.'     To  obtain  the  iron 
piCHquioiide,  this  precipitate  should  be  thrtiwn  on  a  1 
fully  wiifihed,  can*  being  taken  to  add  n  ismnll  qnoiitn  >  »*  - 
t^i'  nmmoninm  to  the  water,  to  t>r<*vent  the  fornialion  of 
sulphate  nf   iron,    which,  if  [>roduced,  would    p»w<   throi 
filter  and  be  lout.    When  sutrielenlly  w:i*hed,  the  malter 
in  the  tilter  ia  disst^lved  tn  hydroi  *  '  V     ' 

bv  tuie  of  the  meth«>dH  alinno  d' 
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8r»parated  from  the  alkaljes  either  by  ammonia  or  its 
T}»f  same  ineann  are  also  employed  for  the  purpose  of 
■J,  that  n)etal  from  the  alkaline  earths ;  but  in  this  ease  it 
a    -        :  iH'  to  be  very  particular  that  the  ammonia  employed  be 
lerfectly  cauistie,  as  should  it  contain  any   traces   of  carbonie 
Bid.  the  precipitatf   necessarily   becomes   contaminated   by  the 
irbonates  of  the  alkaliiie  earths  present  in  the  solution.     Mljen 
rode  of  irnti  is  to  be  separated  from  magnesia,  it  is  necesi«\ry  to 
idd  Hiich  a  quantity  of  chloride  of  ammonium  to  the  liquor  as  will 
irevent  the  precipitation  of  that  earth  by  ammonia.     If,  however, 
lie  solution  to  which  ammonia  is  to  be  added  containa  much  free 
lydnjchloric  acid^  the  a/ldition  of  sal-animoniac  w' ill  be  unnecesaaiy, 
i  s  pulhcient  amoimt  of  this  salt  to  keep  the  magnesia  in  8olu- 
will  be  fi>rmed  on  adding  the  ammonia. 
Tfon  is  H*-prtrated  from  alumina  by  first  converting  it  into  a  salt 
!<•,  and  afterwards  precipitating  by  an  exce»8  of  pure 
u   By  ebullition,  the  alumina,  which  is  at  first  thro\\ii 
It  tlie  oxide  of  iron,  ia  redissolved,  and  the  latter  will 
ftrecipitated.     This  ia  separated  from  the  liquor  by  filtnu 
'•  still  hot,  and  the  alunutia  subsequently  obtained  from 
lie  by  fir^t  nddin*;  an  excess  of  hydrochloric  acid,  and  aller- 
preeipitatins:  by  carlionate  of  ammonia.     The  separation  of 
n  from  maiiganet*e  in  effected  by  the  name  reae^ents  as  are  em- 
T«I  for  it«  precipitation  from   solutions   containing   salts   of 
Tn'>*Tnt^wI:,     The  liquor  is  first  evaporiited  wnth  nitric  acid,  by  which 
I  recent  is  peroxidined,  whilst  the  man^nese,  from  the 
of  the  salts  of  its  higher  oxides,  remains  in  the  form 
ide.     If  sufficient  hydrochloric  acid  be  not  present,  sal- 
is  now  added  to  prevent  the  precipitation  of  oxide  of 
e  by  ammonia,  and  the  seaquioxide  of  iron  is  thrown  down 
i  inate  orbenzoate  of  ammonia,  or  by  caustic  ammonia. 
ie  is  then  separated  by  filtration,  and  the  manganese 
>\\n  in  the  state  of  sulphuret  hv  the  addition  of  sulphide 
ium.     This  is  aftx^rwards  dissoU'cd  in  a  little  dilute  nitro- 
i}driK:liioriL'  acid,  and  precipitated  by  carbonate  of  soda  in  the 
of  carbonate,  which,  by  being  strongly  heated,  is  converted 
the  red  oxide  o\'  manganese,  in  which  form  it  is  weighed. 
'nm  nmv  nlso  be  readily  separated  from  manganeBe  by  another 
iident  on  the  instability  of  the  salts  formed  by  the 
-  of  the  latter  metid.     A  solution  contaioint;  salts  of 
of  iron  is  (when  it  cont;ains  mu«  h  free  aciii)  of  a  light 

ilour;  but  if  ammonia  or  carbonate  of  soda  be  gradually 
pd  It  h1m\n]v  becomes  darker,  and  ultimately,  before  any  portion 
4v'  -r»l.!r-  i^  deposited,  assumes  a  dark-brown  colour.  If  at 
I  liquor  be  hent^'d  to  ebullition,  the  whole  O?  t\\eox\^'0 

L      j^  ^.  posited,  and  &  clear  ffuid  will   remain,  ^\i\c\l  COhVaSB* 
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the  salts  of  the  protoxide  of  nmngancsc.  TheoxiUo  of  n^o 
to  be  re»io%ed  by  filtratum,  iind  the  maiigauetio  thrown  < 
boiling  with  an  excess  of  the  precipitant  originally  eitipln 
after  the  deposit  of  the  oxide  of  iron,  tlie  filtrate  >*\u 
ronuiin  alii^htly  coloured,  a.  few  drops  of  tbe  dilution  of  car 
soda  are  to  be  cautionsly  added,  and  tbe  liquor  jisjam 
separate  the  last  traces  of  iron.  With  cai'eful  mnnipuU 
method  may  be  made  to  afford  results  .sutlidentlj  accuni 
commercial  purposes,  aa  the  oxides  haviiig  the  Ejeneral 
KjOj,  are  far  weaker  bases  than  those  represented  by 
consequently  allow  considerable  latitude  bc'foro  the  prec 
of  the  lattcrr  begins  to  take  place.  Wierc  extreme  arc 
however,  required,  the  separation  is  moat  advantag^ou&h 
by  the  uHe  of  either  aucdjuite  or  benzoate  of  ammonia,  ad 
the  precautions  before  described. 

ASSAT  OF  IBOK  0KE8. 

Apparatus.  —For  the  assay  of  iron  ores  a  wind  fum 
form  flhown  in  fig.  101,  ia  required,  Thi»,  in  order  t 
have  a  good  dnuij^ht,  must  be  connected  with  a  chii 
lea^it  thirty  feet  in  heij^ht,  and  care  should  be  taken  th 
air  be  admittt^d  into  the  flue  by  means  of  openin*^  be! 
any  other  lire-place.     "Wind  furnaces  are  usually  built 

size  that  four  assays  mav 
the  iiame  time,  by   whicl 
n   better  heat  is  obtaim 
loss  of  time  and  fuel  attenc 
alt'cmate  heating  and   a 
large    maas   of  brick- wor 
great  extent  avoided-    A 
such  a  furtiaoe  is  \4i  iuc! 
and  2  feet  in  doptli  from 
side  of  the  cover  ^  /,  to 
able  bars  of  iron   winch 
tn^^te  :  these  8hn\dd  be 
iiicli  iinm,  and  resit  on  two* 
built  into  the  masonry  of 
for  that  p^irpose.     The 
slightly   raised    from    thd 
for  the  convenience  of  wj 
the  incombustible  cinder 
tlirough  the  bara ;  and  tl 
ff,  senes  fur  the   insertit 
dvAVwA  n^\V\^i  U^v^^^  which 


the  gmte. 


101. 

Tbe  chimne^ 


A88AT  OF  IBOK  0EE8. 


213 


it  is  BuiBeiently  large ;  but  when  its  area  is  less  than  one- 
at  of  the  fire-place  a,  the  draugbt  is  seldom  to  be  depended 
'  quantity  of  air  passing  tlirough  the  apparatus  is  regu* 
f  a  damper  u,  fixed  bi  the  cbiiuuey  iu  an  iron  tnimc,  and 
^  a  convenient  distanee  from  the  ground.  This  is  opened 
t  by  means  of  a  projecting  iron  rod^  and  serves  for  regu- 
e  heat  of  the  furnaee.  When  uijed,  the  mouth  of  the 
lay  be  closed  either  with  an  iron  cover  lined  with  fire* 
r  Dy  iin  ordinary  fire-tile  e/.  In  some  instances  furnaces 
fcmd  are  eitemally  lined  with  thick  plates  of  C4ist  iron, 
dng  strongly  bolted  together,  add  greatly  to  the  solidity 
paratua,  and  at  the  same  time  prevent  its  being  cooled  by 
nee  of  cold  air  through  the  fissures  which  are  liable  to  occur 
the  joints  of  brick-work  when  not  thns  protected.  The 
allowed  between  the  bars  will  depend  in  a  great  mea- 
I  on  the  draught  and  the  character  uf  the  fuel  which  is  to 
►yed,  as  when  charcoal  is  used  it  is  liable  to  crumble  and 
the  ai*h-pit,  if  the  space  betweeu  the  grate  be  too  large, 
contniry,  they  are  placed  too  closely  together,  the  passage 
is  impeded,  and  the  heat  of  the  fiiniace  is  consequently 
up.  Coke  is  the  fuel  most  commonly  employed  in  such 
and  a  convenient  distance  fur  the  bars  is  in  that  caae 
inch ;  but  if  a  mixture  of  coke  and  charcoal  bo  used, 
should  be  a  little  closer.  These  arrangements  are> 
easily  made  even  aft^T  lighting  the  Inrnace,  as  a  bar  can 
rawii  with  a  pair  of  tongs  through  the  aperture  c?,  and  the 
the  others  afterwards  regidated. 
bove  furnaee  shouJd  be  acc(»mpanied  with  an  assortment 
Cnt  kiiidfi  of  tongs  to  be  cQiployed  for  vjunrtus  purposes, 
jgiug  lumps  of  charcoal  into  hollow  places,  and 
hot  crucibles  after  their  withdrawal  from  the 
of  the  form  represented,  fig.  1U12,  will  be 
fry  c43iivemeDt.  Another  kind  of  tongs  in- 
br  removing  a  crucible  inmi  the  fire,  either  by 
it  in  the  bent  part,  or  by  taking  one  of  its 
ween  the  jawa,  is  represented  by  fig.  103.  Fig. 
diflercut  form,  and  chiefly  employed  fur  litliug 
d  crucibles,  as  it  is  oidy  adapted  for  laying 
le  sides  of  the  vessel.  All  thewe  varieties  are^ 
straight,  and  nither  short  in  the  handles,  and 
itly  merely  adapted  for  remo^  iug  bodies  from 
e  wheu  not  very  highly  heated.  For  this 
they  be  employed  for  taking  crucibles  from  ^^' 
furnace  of  the  )dnd  Jwit  described,  it  will  W  icjMW^ 
to  billow  it  to  cool  for  at  least   an  hour    a^et  V\itt 
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8»fi  are  corapleted  before  the  cmt-iblos  can  be  withdraw 

4>bnit0  this  inconvcaieoee,  aud  prevent  loss  of  tiiiie,  the 

^Wfeoted,  fiir.  105,  are  coiivenieutlyeui ployed.    Tht-si-  beiij 


i 


103.  IQ-i.  105. 

in  the  bandies,  and  provided  with  very  strong  bent  jaws,  may  I 

ma  9<K)n  as  the  cruciblos  are  siitKeieiitlly  hardened  to  bear  ra 

but  aa  at  tbi«  point  the  tuniaee  is  extremely  )«i>t,  it  is  Bom 

difficult  to  Iciok  into  the  fire,  in  order 

where  to  npply  the  tongs.     This  ineoiiTf 

is  mueh  lessened  by  using  a  wooden 

represented  by  tig".  106,  in  which  a  is  i 

rectangular  hole  into  which  a  pieee  of  o^ 

window-ghiss  is  inserted,  au«i  6  a  haxn 

which  it  may  he  held  before  the  face 

operator,     when  this  ^^hield  is  emplo( 

should  be  held  liefore  the  person   u.sii 

^^  tonga  by  an  assistant.    By  this  eontriTal 

^V       ^^*  heat  IB  efleetually  prevented  from  reach! 

'ftkw*,  whilst  the  snmll  glazed  aperture  aUows  of  the  interior 

fiimnee  being  distinctly  seen.      If  the  openinje;  a  be  clowH 

filffiDeut  of  blue  or  green  glass,  it  will  be  found  a  great  id 

m^t,  as  the  glowing  crucible  may  then  be  looked  at   i 

injun*  to  the  sight  I 

hi'  addition  to  the  foregoing,  it  is  necessary  to  be  d 

with  a  larg»'  cast-iron  mortar,  a  small  anvil,  a  bannner,  and  I 

of  tin-plate,  of  whicb  the  various  uses  will  shortly  be  dn|ri 

PrcUnilnutT  ©pcrmUon*— TKe  assay  of  an  iron  orti^l 
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HBp^tumtly  has  the  ndva^ntiige  over  imalvfiis,  of  afibi'dijig  iul'ur- 

liattou  uf  A  more  pmctiful  character.     Before,  however,  operating 

pi  liu?  dry  wa),  it  is  fouud  iieeesi^ry  to  obtain  some  definite  knuvv- 

ledgt*  of  the  tniuer:tl  to  be  treated,  in  order  to   detc^rinine  wliat 

luxt*«  slmuUi  he  added,  for  the  ptirpos^e  of  aifordiu^  at  the  statne 

tiiue  ti  fu>ible  ehig,  and  the  br^erit  po.si?iible  proportion  of  metjdht' 

WiVL     The  oreH  of  iron  ni^v  be  divided  into  three  cbtsse^  :— 

Ut.  Those  whieli  ehit^Hy  eon»ist  of  hydratedsiesqnioxide  of  iron. 

2nd-  ThoMe  which  contain  the  metal  in  the  stute  of  auhydroiu 

Glide,  such  m  fer  olij^iste  and  magnetic  iron  ore. 

Hrd.  SpathoBe  orea,  which  are  composed  of  the  carbonate  of  the 
prtitoxide. 

The  nreliiuinrtry  examination  of  nunerak  of  the  first  class  may 
W  coDuucted  in  the  following  way.  A  portion  of  the  ore  is 
leK'ted,  which  a8  nearly  as  possible  represents  a  fair  average  of 
toi*  mineral  to  be  treated.  This  is  powdemd  in  a  large  irou 
Bwrtiir,  and  then,  in  order  to  thorou^^'hly  mix  the  diflerent  parti- 
drt,  the  whole  is  lifted  throuorh  a  sieve  of  coarse  win>gaU7,e.  Of 
lfci»  coarse  powder  uljout  one  thousand  grains  must  be  taken  and 

umded  in  the  iron  mortar  until  the  whole  has  been  made 

hroui^h  a  second  s^ieve  of  very  tine  wii*c-gauze.     The  object 

ting  the  whole  of  the  saniple  selected,  and  then  select* 

iiniy  for  the  purposes  of  the  assay,  is  to  ensure  perfect 

I  V  c4"  composition,  and  the  nearest  possible  correspondence 

»hc»  results  obtained  by  assay  ant!  those  yielded  by  the 

in  the  br^e  way.     Of  the  finely   pulverised  ore,  50 

iU'cd  in  a  plutiuum  crucible  and  heated  to  redness  over 

^kMlWiiic,  bv  wliich  means  the  water  and  carbonic  acid  present 

^Himen  oti.     The  crucible  and  its  contents  are  now  placed  iu 

^Rtthmce,  and  if  the  ueiglit  of  tlie  calcined  matter  be  culled  tc, 

H^amoitnt  of  water  and  carbonic  acid  expelled  will  be  repre- 

■hi  by  (oO-w), 

^Kc  calcined  ore  may  now  be  thrown  away,  and  50  other  grains 
^Hi,  which  are  to  be  attacked  in  the  cold  either  by  acetic  orverj' 
^^fa^utric  acid.  This  will  dias<dve  only  tlve  carbonates  of  lime 
^^^^■ne^la  which  may  be  present  in  the  gangue,  without  inter* 
^^^Httli  either  the  oxide  of  trt)n  or  siliceous  matter,  Should  it 
^^^^Blili  any  earthy  carbonat^e,  no  eiiervescetice  will  ensue  ou 
^^imtioD  of  an  nciil,  and  we  may  consequently  paiis  ot»  to  the  next 
^^nUou;  but  *h<iuld  el!erve«cencc  take  place,  weak  acid  is  to  be 
^^^Bii    '  ceases.     When  this  point  has  been  attained, 

^^^Bti  <>»  a  liltt^r,  washed  with  a  little  water,  dried 

^^^Hptivd.     11    v«e  now  call  this  weight  w\  the   wei^^^Uv  ul'  IW 
^^I^PgiHber  with  that  of  the  ear/>onatei^  of  Utnc  aivA.  mv\v[,xi^\tL 
^Hmi  iio  f^c  miniTiil,  will  2)e  repreaeuted  by   ^^50 — W^  wi^ 
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eonsequeutl^  (w — w')  will  be  the  united  weights  of  the  lifine 
inaq^neisiii  witli  whirb  the  carboiilr  lu'id  was  I'onibiiied* 

Lii^lly,  50  ^rniiiis  of  the  p^wden^d  mineral  are  attadccd  iritli 
coucfiitratfd  byilrofbloric  scid,  which  in  boilod  until  the  undiB- 
solved  uiatttT  which  reiuaLOH  at  the  bottom  of  the  flaak  hiiis  l»eooa» 
colourlesH.  This  consists  of  the  siliceous  and  argillaceous  portion* 
of  the  gaDgue,  which  will  alone  remain  undissolved,  »aa  which, 
after  being  tlirown  on  a  filter  and  washed^  ai-e  calcined  and  m  ••ii,d«Mi. 
Tlie  weight  of  this  calcined  residue  being  represented  by  w'\  we 
ahali,  on  ujiiting  the  dittereut  results  of  the  various  operntiuiui, 
obtain  the  follomng  inlbrmation  rektive  to  the  compositign  of  ih* 
mineral  t- — 

Water  and  Carbonic  Acid  s==     (50 — u») 

Lime  and  Magnesia  .  =     {w — w') 

Silica  and  Clay         .         .  =         w^' 

Oxidee  of  Iron  and  JNimii^anese   =  50 — (50 — w) — (i 


^ 


If  the  mineral  contains  but  a  small  quantity  of  m;i 
weight  (w' — w'')  wdl  reprt^»ent  witli  eoubiderable  ex..  i\ic 

amount  of  anhydroua  peroxide  of  iron  in  the  ore,  and  wili  com^ 

»pond  to  tlie  quaiitity  of  ~t  (w — w'O  of  metallic  iron.' 

When  the  ore  to  be  exuuiined  beloUjgs  to  the  second  cLags,  the 
amount  of  tsiliceous  gangnc  can  uo  longer  be  detennitifd  by  ebulli- 
tion with  hydrochloric  Jicid,  as  the  iinhydrous  peroxide  and  map* 
nctic  iron  oi-c  are  ver}-  spariugly  eolublt^  in  that  n*ageut,  hi  thi» 
case  the  cartliy  carbonates  will  aU»ne  be  diseoKcd,  and  may  be 
estimated  by  the  liiMs  sustained  by  boiling  a  known  quantity  of 
the  ore  in  weak  nitric  acid,  and  deducting  from  tlie  amauui  Qm 
water  expelled  by  ignition  in  a  platinum  crucible, 

Native  cjirhonatc  of  irtui,  iJi  w  hich  the  acid  is  c«     '  * 

1)rt)to\ide,  FeO,  is  changed  bv  calcinatiou  into  th 
hV,  0|;  aiul,  consequeutly,  ii*om  the  absoqdiou  ut  u  iJutLiuu 
oxygen  fi*oui  the  air,  the  loss  of  weight  experienc*d   rfiirin!?  tbt 
operaLiiiri  will  no  longer  ivprcsi-nt  the  amount  of  \vn 
bonic  a<'id  driven  ofl*     If  the  mineral  be  treated  t-ithr: 
dilute  nitric  acid^  the  earthy  carboimtes  an*  eaetily  di 
as  at  the  same  time  a  portion  of  the  inm  intvm  13 
the  quantity  of  lime  and  ma<»-ni'yia  which  it  coutaiua  ca 
ns  in  the  former  cases,  be  di*tennined  by  dilTereiice* 

^  The  pvwfirtfw  of  mun^npMn  in  »  hvi)ntt<«)  err*  oC  iltA  maf 


n  \   VI  iin:  L'i.i'ji. 


MZTBOP  or  ooyjjrcrnro  af  ubsat. 


217 


I 


I 


,  necessary  to  attack  the  pounded  mineral  with  boiling  hydro- 

"•  ^      ■  '  *     .11        1  iirtionof  nitric  acid  has  been  added  for 

ii^  the  iron.     The  solution  thus  obtained 

1  (1  TO  dn'ne^s,  to  render  the  silica  insfduble; 

•  ■sidue  with  dilute  acid,  the  soluble  aalta  are 

.{>,    ^vhii^l    the    hilieeouj*  and  ar^Ulaccourf  matters  remain 

lve<j,  and  may  be  separated  from  the  liquor  by  filtration* 

^xuiii  the  tiltnite,  the  oxides  of  iron  and  manganese  are  obtaitidd 

hj  the  use  of  succinate  of  iimin.>niB  and  sulphide  of  ammooiiun, 

ac*r.irdiujr  to  Xhv  intlhod  already  described. 

In    nrder  to  obtain  the  lime,  the  filtrate  from  the  aulphuret  of 

ese  is   first  boiled,  to    expel    the   excess   of  sulphide   of 

nm,   and  then    tretitcd   ^-ith  oiidate   of  ammonia,   which 

itcH  the  liuie  in  the  form  of  oialate*     Tlie  precipitate  thua 

1,  after  being  washed  and  dried,  is  first  decomposed  by 

lon  in  a  platinum  crucible,  and  then  weighed  in  the  form 

"  't«>.  ill  \s  hich  state  it  occurs  in  the  mineral.     The  amount 

of  mafjncsia  prt^sent  is  then  deduced  from  the  weight 

^   '^pliate  of  that  base,  ohtjiined  by  the  midition  of  a 

;  liate  of  soda  to  the  iilti-ute  tVom  the  predpitute  of 

ni   luiK   libove  described-     Every  100  parts  of  thi«  salt  ia 

Mt  to  7077  of  cJirbonate  of  magnesia. 

ii  miA  Iteen  found,  by  experiment,  that  those  minends  yield  tho 

^bbui  fusible  slags  in  whicli   the  earthy  carbonates  exii*t   iu  the 

"f  twcHlhirds  the  amount  of  the  argillaceous  and  sUi- 

[-s  which  they  contain.     The  foregoing  experiirients, 

.t,  bvrve  as  a  guide  in  the  selection  and  qimntitv  of  the 

to  be  employed.     The  ores  of  the  first  and  thiru  classea 

to  I»e  mixed  witli  nuch  quantities  either  of  carbonat*'  of 

I    china  cltiv  a.s  will   make  up  the  proper  proportions  and 

MniiT  the  uUigs  fusihle.     Those  of  the  second  cbss,  on  the  con- 

tian,  seldom  c«  in  tain  much  carbonate  of  lime,  and,  as  the  amount 

of  earthy  matters  in  these  ores  is  not  very  easily  ascertained^  it  is 

toual  to  mix  then)  with  about  one-third  of  their  weight  of  some 

fijailile  silicate,  such  as  light-green  bottle  glass.     A  little  washed 

cJttlk  is  aJiio  added  w4th  advantage  where  no  carbonate  of  lime 

•entn>  in  the  mineral,  as  it  prevents  a  portion  of  oxide  of  iroa 

fcttoi  being  retained  by  the  too  highly  silicified  slag,  and  the  conse- 

qoeut  loss  of  an  equivalent  amomit  of  metal. 

art  bod  of  Conducitnic  an  AmiAy. — The  assay  of  iron  ores  is  best 

nadi-  in  rru<'ibk-s  linetl  with   powdered  charcoal,  which   not  only 

prot^ret*  the  sides  of  the  pots  from  being  acted  on  by  the  substance 

tTBatrd.  but  also  sei-ves  as  the  agent  by  which  the   oxides  are  re- 

<■  metallic  state.      On  account  of  tlie  hi^h  tevu^wrAXAHv; 

rr  arc  subjected^  it  ia  abaolutcly  ucccstiaTy  iWt,  ^\^ 
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crucibles  employed  tthotild  be  composed  of  the  most  r^sfm^tiMT 
materiuls.     Ihnse  usually  Lnown  by  tht»  nante  of  "  Li  s* 

and  aold  by  tlie  various  mstruuient-ii*  alers  in  the  in*  ife 

very  well  iitted  tor  tbis   purpose;  but  the  c»?iiirnou  '  'id 

Hesisiau  erueibles   will   also  bear  the  uece^^sary  beait,  '^^ 

a  less  eouveuieiit  form.      In  order  io  line  a  crucible,  i' 
tially  tilled  with  coarsely  powdered  and  slii^htly  (buiiped  u 
or  hrampif^  whicli  is  then  rauimed  into  the  »olid  form  by  the  u» 
of  a  ligbt   woodeu   pestle.      Wben   tlie   tirht    byer  ha*  btn^-i 
flufficieutly  compressed,  its  surfiu:e  is  scratched  with  a  kuife, 
the  purpose  of  uiaking  the  second  dtrtitum  adhere  llrmi*. 
and  a  little  more  powdered  charcoal  added  and  beateu  * 
before.     The  surface  of  this  layer  is  ni^uiu  reudered  uiw 
ucratchiiifif,  and  the  operatiou  repeated  until  the  crucibli- 
pletely  tilled.      When   thia  is  the  case,   a   cavity,  of  tl»o 
shown  in  fig.  107,  is  made  in  the  centre,  leaving  a  iininj?  of  ch 
of  about  half  an  inch   in  lhieknei«8  on  t' 
d  bottoru  o{  the  pot.     To  pre\eut  any  of  t 

tx>  be  exauiined  from  adhenni;  to  the  si  J 
rior  of  tin-  cavity  is  now  ^mootlicd  by  i 
a  round    ^liii5»  pestle,  and  the    upper   • 
roiDuled  oil'  as  to  prevent  any  portion  of  i 
lklhn;(  into  the  hollow  during  the  time  l! 
ore  and  flux  is  being  iutrndijced.     Ouehu 
of  the  powdered  ore  are  now  to  be  well  uiLxed 
sheet  of  smooth  paper,  with  the  pro|Rir  weight  of  iiux,  a^  iridic 
by  the   rt^sult  obtained  from  the  prebminary   investigation, 
then  carefully  trausferred  to  the  cavity  in  the  lined  crucitde.  wbisfei 
it  will  occupy  the  position  h  c.     Any  portions  of  the  powder  vrhieb 
limy  remain  attaclied  to  the  »ideji  are  now  carefully  ttnt^pt  to  tb^j 
bottom   by   a  «ti(f  feather,  and   the  upat^e.  a  It,  lUled  up  with 
powdered  charcoal,  and  rammed  ju*  before  direct^'d,     'f  ^  rf, 

\H  now  Htted,  and  firndy  luted  down  with  tlre-cUy.  wii  ibe 

bottom  of  the  crucible  is  also*  '  ^ 

as  to  fttand  about  four  or  live  >  'to» 

a«  repn^ented  in  tig,  101.     AVLeu  ail  tu 
platted  in  th<^  fnrna<'*%  the  damper,  o^  i*  . 
iid  of  lighted  charcoal  thrown   between   lliem  on   ti 
which  the   mixture  of  chaixoal  and  coke  which  t^  - 
added  heroin<'j«  ignited.     During  the  ttrst   littlf  I 
remains  clo«ed,  and  the  firing  ia  conductt^rl  v*  ry 
o(r  the  dumpnt-'^w  contained  in  the  breeze,  anu 
«f  ihi'  lut  ing,  which  would   be  cauwd  were  1 1 
appUt'tL      At  the  expiration  of  half  an  hour,  ihe   daui|Mfr  10 

J'tlh-    4tni't\i''A     Mnil     l)vO    fUTUttC**    "uV^-iV    \v\v  >\\v\v   \\v»\\    e(iL:ii'  XTti'T 
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beat  is  jtjraduiiUy  iiici-eased  by  still  furtlier  opening  the 

tiiiil  at  tLe  end  of  au  hour  it  is  eutirely  willidrawu,  lor  the 

of  increasing  the  temperalure  to  the  higbcst  possible 

The  operation,  \vheu  properly  eondiicted,  should  alt-o 

ler  reqitire  uhout  an  hour  and  a  quarter  for  it:*  convpletion,  find 

ho  end  of  thai  time  the  damper  is  closed,  and  the  furnace 

red  to  eool.     An  soon  ns  the  temperature  h  sidlieiently  re* 

the  erueibles  are  carefully  removed  from  the  hearth  by  the 

proper  tongw,  and  |)Uced  in  jin  upnyht  poyition  until  8uf!i- 

tly  eold  to  admit  of  heintr  readily  handled.     They  are  now  to 

»laoed  over  a  sheet  of  brown  paper,  with  a  view  of  avoiding 

loss,  und  the  lid,  whieh  will  be  found  iiruily  to  adhere  to  the 

m  removed  by  a  blow  from  a  small  hammer.     If  the  operation 

letely  succeeded,  the  iron  will  be  found  in  a  small  rounded 

m,  covered  by  a  stratum  of  slag,  resemhlintr  in  its  appearance 

iFT  green  bottle  glas«^  and  entirely  fi*ee  from  any  adhering 

lie  plobnles.     \rtenj  on  the  contrary,  the  heat  has  not  been 

iently   great,  the  slag  wiH   be  covered  with  Hmall  metallic 

dnnly  imbedded  in  its  tcurface,  from  which  they  cannot  be 

y  detached.     If,  as  is  sometimes  the  case,   from  want  of  a 

iwnt  temperature  to  etVeet  the  fusion,  or  an  iai])roper  addition 

's,  the  experiment  has  totally  failed,  the  ore  Mill  be  tonnd 

?r  in  u  partially  melted  button,  or  merely  in  au  agglntinattMl 

iu  whu'h  the  iron,  although  more  or  less  completely  reducGd 

nietallie  state,  has  not  lonued  into  a  distinct  body.     On  bi*eak« 

10  crucible,  the  button,   with   its  adhering  slag,  is  ciirefnUy 

>ved  and  crushed  by  a  blow  of  the  pestle  in  a  large  iron  mortar. 

principal   button  may  be  now  readily  removed  ;  bnt   an   it 

happens  that  tbe  slag  does  not  still  enclose  small  metallic 

*«.  it  is  aeee?<sary  to  reduce  it  to  coarse  powder,  iu  order 

thme  Tuay  be  sepai-ated.     This  is  most  readily  idVected  by 

out  the  contents  of  the  mortar  on  a  sheet  of  paper,  and 

ing  a  magnetic  bar  through  the  pulverised  slag.      In  thta 

the  metallic  particles  are  soon  collected  at  the  pok^  of  the 

imd,  on  being  brushed  off  with  a  stiff  feather,  ar^  placed 

'  inee  witli  the  larger  button  before  separatt*d.      The  iron 

ined  is  not  chemically  |^)iire,  but  invariably  contains  a 

proportion  of  carbon,  winch  in  a  small   degree  adds  to 

rhl,  and  renders  the  results    obtained  too   high.      This 

f  weight  is,  however,  so  small  as  to  allow  of  l>eing  safely 

for  all  manufacturing  puriKises,  ])articularlv  as  tlie  jrer- 

of  ore  in  cast  iron  is  generally  tltat  which  is  ret|nired 

led. 

test  the  qimlitr  of  iron  thus  obtained,  l\\e  WUcm 
^n  a  fold  of  thm  tia-phUs  and  smartly  sttucW  qui 


I 


220  lEoy* 

anvil  by  a  heavy  hammer.     If  the  frncture  present  a  mottlwi 
isb  appearauce,  and  the  button  flattens  shghtlj  before  br 
the  qualitr  of  the  metal  is  cousidered  to  be  Rood^  but  bI 
it,  on  the  contrary,  ftuHt  on  the  first  blow  of  the  hiuni 
exhibit  a  white  eryatalline  fracture,  the  ore  is  judged  uuHt 
production  of  the  better  sorts  of  iron. 

HUKID  ASSAY. 

The  quantity  of  iron  contained  in  any  mineral  soluble  in 
ifi  also  readily  a^tcertained  by  the  use  of  a  standard  sulutioD  of 
permanganate  of  potash.     In  order  to  do  this,  ten  graiBB  of 
substance  reduced  tu  powder  nm.^t  be  boiled  with  strong  hy 
chloric  acid  until  the  residual  matk^r  in  the  bottom  of  the 
lias  become  perfectly  colourless.     The  aolutioUj  together  with 
undissolved  ganguc,  is  nftei'warda  transferred  to  an  evaporal 
basin,  where  it  is  concentrated  almost  to  dr^Tieas,  for  the  p 
of  driving  off  the  ei(;esti  of  acid.     Water  is  now  added,  aii 
siliceous  matters  constituting  the  gangue  separated  by  filtnitw 
and  subsequentlv  dried  and  weighed.    To  the  filtrate  thus  obtai 
the  standard  solution  of  pennaugauate  of  potaah  is  carefully  ad 
from  a  gniduated  burette,  until  the  liquor  begins  to  ac^iiil^ 
permanent  rose-coloured  tint,  when  the  number  of  de^^ 
nave  been  employed  are  read  off,  and  from  the  amount 
calculated  the  nunntity  of  iron  present. 

This  pmeess  depeoAs  on  the  circumstance,  that>  on 
eolutiuB  of  permanganate  of  putash  into  one  of  a  protosaft  of 
the  permanganate  immediately  loses  its  colour,  and  is  decom 
into  a  lower  oiide,  which  combines  with  the  acid^  and 
oxygen,  which,  by  unity  with  the  protoxide  of  irtm,  converts 
into  peroxide.  I'his  decomposition  continues  aa  long  as  the  liijttor 
contains  the  smallest  trace  of  a  protosjdt  of  iron;  but,  on  the 
whole  being  peroridiaed,  the  characteristic  rose  tint  of  the  pei^ 
manganate  at  once  reappears. 

In  order  to  ascertain  the  strength  of  the  standard  solution  eoi- 
ployed  for  this  purpose,  six  or  eight  grains  of  iron  wire  are  di»- 
solved  by  ebullition  with  a  little  bydroeldonc  acid,  and  the  liquor 
afterwards  diluted  with  water  fi*om  which  tlie  au*  has  been  pre- 
viously expelled  by  boiling.  On  adding  to  thiw  trorn  the  graduated 
burette  a  sufficient  amount  of  the  solution  of  the  permangtuiato  of 
potash,  and  noting  the  exact  point  at  which  the  rose-^i-olour  tint 
makes  its  appearance,  it  is  eaaily  calculated  to  what  amount  of 
iron  each  degree  of  the  burette  corresponds,  and,  the  strength  of 
thf  liquor  being  thua  obtained,  it  may  atlerwarda  be  u»cd  as  in 

1/  solutiou. 
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The  solution  of  pcnnanganate  of  pota«h  is  best  ohtaiucd  by 
heatiuj^  a  mixture  of  2  parts  of  peroxide  of  mau^ijauese,  'S  of  caustic 
potash,  and  1  of  cldorate  of  pota&ih,  in  an  earth<*n  crucible  during 
two  hours.  The  pot  is  then  allowed  to  cool,  and,  after  breaking 
its  cont-cnts  into  fragments,  they  are  treat^id  with  three  or  four  tinges 
iheir  weight  of  water,  and  filt<,Ted  tlirough  asbestos,  for  the  purpose 
of  separating  the  sesquiihvide  of  uiangaufse  which  remains.  To 
this  filtrate  weak  nitric  acid  is  cautiously  added  until  it  has 
assumed  a  fine  violet  tinge,  when  it  should  be  immediat(?ly  trans- 
iSerred  to  a  well-stoi)pered  bottle,  and  is,  at\er  its  strength  has  been 
accurately  determined,  fit  for  immediate  use. 

The  bottles  in  which  this  test  solution  is  preserved  must  always 
be  kept  well  closed,  as  it  would  otherwise  soon  become  partially 
decomposed  by  the  introduction  of  organic  particles  floating  in  the 
atmosphere. 

If  the  ore  to  be  examined  belongs  to  the  second  class,  and  is, 
consequently,  little  soluble  in  the  acids,  it  should  be  first  )ieat(>d  in 
a  platinum  crucible,  with  a  small  quantity  either  of  carbonate  of 
■oda  or  bisulphate  of  potash.  By  tnis  treatment  the  mineral  will 
be  made  to  lose  its  aggregation,  and  is  then  readily  attacked  by 
the  acids. 

Aaaiyiila  of  Iron  mnn, — Many  of  the  ores  of  iron  dissolve  very 
Radily  in  hydrochloric  and  nitro-hydrochloric  acids ;  but  in  cases 
where  the  solution  cannot  be  thus  directly  cfft'cted,  the  mineral 
must  be  first  fused  with  an  alkaline  carbonate,  as  a]>ove  direct^'d. 

To  give  in  detail  the  different  processes  employed  for  tht?  analysis 
of  all  the  various  ores  of  iron,  would  occupy  much  more  space 
than  can  be  here  afforded  them,  and  for  this  reason  one  of  tlio 
more  complicated  will  suffice  as  an  illustration. 

Clay  iron  stone  is  fre(|uently  found  to  contain  at  the  same  time 
»11  the  different  ingredients  occurring  in  the  varirius  ores  oi'  inm 
used  for  manufacturing  purposes,  and  on  this  account  that  mine- 
mi  may  be  selected  as  an  example.  This  ore  ordinarily  contains 
oxide  of  iron,  oxide  of  manganese,  lime,  magnesia,  carbonic  acid, 
silica,  and  alumina,  together  with  traces  of  sulphur  and  phos- 
phorus. The  substance  should  first  be  finely  pulverised  in  an  iron 
mortar,  and  afterwards  sifted  through  fine  wire-gauze.  About 
thirty  grains  of  this  powder  may  now  be  intimately  mixed  with  six 
times  its  weight  of  carbonate  ot  potash  or  soda,  or,  which  is  better 
than  either,  a  mixture  of  the  two.  This  is  to  be  kept  for  an  hour 
It  a  full  red  heat  in  a  platinum  cnicible,  and,  after  oeing  alhnved 
to  oool,  is  heated  in  a  large  evaporating  basin  containing  a  weak 
■olniion  of  hydrochloric  acid.  By  this  means  tike  contents  of  the 
crudUe  will,  with  the  exception  of  a  small  quantity  oIl  ^ovlvi\:Xv:mV 
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silica,  lie  rpa^lilv  dissalved  vriih  tlie  evolution  of  carl»' 
Should  the  basin  not  cuntain  the  amount  of  acid  i  " 

efllect  coinplute  Bolutiun,  more  is  added  until  no  furiliei  H^tJ^ 
vescenct*  takes  place  on  the  jwiditiun  of  a  fredh  quiiutity,  V» 
crucibk^  ia  now  withdrawn  fmm  the  solution  by  the  nirl  of » 
glaj*a  stirring-rod,  care  being  taken  to  wash  from  it  into  the  ba^itt 
the  liquor  which  hangs  about  it,  as  well  as  any  portions  of  th| 
fiocculent  silica  which  may  remain  attached.  The  contents  of  tin 
basin  are  then  evaporated  to  dr^Tiess  in  a  sand-bath,  for  the  piu^ 
pose  of  rcndcrinj;  the  silicic  acid  insoluble ;  but  towardd  the  erui  */ 
the  operation  £,Teat  cai-e  is  required,  in  order  to  prevent  lo>^  h 
spirting,  which  can  only  be  avoided  by  a  judicious  regnlstion  uf 
tne  heat  and  constant  stirring  of  the  pasty  mass.  AVhi  ji  Hl* 
evaporation  is  complete,  the  bikiiu  should  be  so  far  allowed  tu  (i^'l 
as  to  prevent  its  breaking  on  the  addition  of  a  coid  liquid,  aud  tlit* 
residue  then  moistened  with  -strong  hydrochloric  a4.'id,  aaii  ti<» 
whole  allowed  to  remain  for  about  one  hour»  so  a»  to  siflord 
Huificieut  time  for  its  aetion  un  the  bases  pn^sent.  At  the  ^•^t\r> 
tion  of  this  j)eriod  some  distilled  water  is  added,  and  the  sulutian 
of  the  soluble  Halts  aided  by  ebullition.  , 

Wlien  all  the  soluble  portions  liave  been  dia»o!vc^d,  the  silica 
is  separated  by  filtration,  and,  after  being  well  washed  in  thf 
filter  and  dried  in  the  water-bath,  is  cjdcined  and  weiiijhpd  * 
silieie  acid.  The  tiltrate  to  which  is  added  the  Hater  by  whicii 
the  eihca  was  washed  is  now  neutralised  w  ith  ammonia,  and  ihe^ 
treated  with  a  slight  excess  of  sulphide  of  ammonium.  Tlusr^ 
agent  precipitates  the  iron  and  maiiffanese  in  the  form  of  sulph;jrets, 
which  are,  together  with  the  deposited  alumina,  to  be  thrown  OTii 
tilter,  and,  to  prevent  the  formation  of  soluble  sulphates,  waibfii 
with  water  coutaining  a  little  sulphide  of  ammonium.  ThetiUrtift 
from  these  sulphurets  is  afterwards  acidified  by  nitric  acid,  b«il»^ 
to  expel  any  sulphuretted  hydrogen  which  it  may  contain,  and 
then  tiltered,  for  the  pin|)08e  of  separating  the  sulphur  which  bw 
become  deposited. 

To  the  clear  liquor  is  now  added  ammonia  and  oxalate  of  amraonii 
in  alight  excess,  and  the  '^iliole  boiled  until  the  oxalate  of  liraf 
formed  has  collected  in  a  dense  body  on  the  bottom  of  the  tH^akcT 
in  which  the  precipitation  has   been  effected,      The  oxalate  th'.i« 
obtained  is  aft envards  collected  on  n  filter,  and  then  > 
weighed  as  carbonate  0/ lime,  int(»  which  this  salt  is  r» . 
posed  by  heat.     The  mapieaia,  if  any  be  present,  is  obtum 
the  liquor  filtered  from  the  precipitate  of  oxalate  of  linn 
addition  of  phosphnte  of  soda,  which  throws  it  down  in  t 
of  ammonio-maffnesian  phosphate.    This,  after  being  wa.-^ln 
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and  converted  bv  ignition  into  j»yn»plu)sphat('  of  magnesia,  is 
iiDally  weighed,  every  lUO  parts  found  eorrespoudiiig  to  3G'l>3  of 
mae^nesia. 

To  :«eparate  the  alum  in  a,  peroxide  of  iron,  and  oxide  of  manganese, 
the  mixed  aulphurety  must  be  dissolved  in  a  little  hvilrochloric 
acid  to  "which  a  lew  drops  of  nitric  acid  have  been  added,  and  the 
particles  of  sulphur  which  remain  unoxidised  separated  hy  tiltra- 
tian.  The  filtrate  is  then  evaporated  nearlv  to  dryness,  to  expel 
the  free  acid  present,  and  subsequently  boiled  with  an  excess  of 
pota8h,  by  which  the  oxides  of  iron  and  manjj^anese  are  precipitated, 
whilst  tfic  alumhia  is  redissolved  in  the  potash.  The  alkaline 
liqnor  is  now  neutralised  with  hydrochloric  acid,  and  the  uhmina 
pnecipitated  either  by  ammonia  or  its  carbonate,  and  washed,  dried, 
and  weighed. 

The  iron  and  manganese  may  now  be  separated,  accord  in  j^  to  the 
methods  described,  page  211;  the  former,  bein/^  weighed  as  per- 
oxide, yielding  70  per  cent,  of  metallic  iron  ;  and  the  latter  as  rt»d 
oxide  of  manganese,  of  which  ever}"  ICK)  parts  are  equivalent  to 
72-09  of  that  metal.  The  carbonic  acid  present  is  best  estimated 
l)y  the  method  of  Fresenius  and  AN'ill. 

A  knowledge  of  the  quantities  of  sulphur  and  phosp/iorus  con- 
tained in  au  ore  of  iron  is  of  the  greatest  importance  as  affect mg 
the  quality  of  the  metal  produced ;  and  it  is  therefore  necessary  to 
estimate  these  substances  with  considerable  accuracy. 

The  fufphvr  may  be  readily  determined  by  either  of  the  methods 
detailed,  pap;e  183,  with  reierence  to  this  body  when  present  in 
fuels;  but  the  most  accurate  results  will  be  obtained  by  the  first 
of  the  processes  there  de.<cribed:  fur  this  determination,  a  separate 
^oantitj-  of  the  pulverised  ore  must  !)(>  necessarily  employed. 

The  per-centage  oi phosphorvs  may  be  determined  with  a  greater 
or  less  degree  of  accuracy  by  various  methods,  but  the  two  follow- 
ing will  be  sufficient  for  all  the  pur])()ses  of  the  metallurgist : — 

Ist.  If  the  mineral  be  solubh;  in  acrids,  about  thirty  grains 
may  be  at  once  attacked  by  hydrochloric  acid  containing  a  little 
nitric  acid ;  or,  if  it  be  insoluble  in  these  reagents,  it  should  be 
firrt  fused  with  an  alkaline  carbonate.  The  acid  solution  obtained 
either  by  directly  attacking  the  ore  or  by  first  fusing  it  with  an 
ilkah'ne  carbonate,  and  subsequently  adding  acid,  is  evaporated  to 
dryness,  and  the  silica  separated  by  filtr.ition.  The  filtrat(*,  which 
ihould  not  contain  much  free  acid,  is  treated  with  ammonia  in 
excess.  The  brown  precipitate  which  forms  is  then  to  be  collected 
on  a  filter,  and,  after  being  washed,  is  dissolved  whilst  still  on  tho 
filter  by  a  little  dilute  hydrochloric  acid  which  has  been  pi'e>'iously 
heated  in  a  flask.  The' liquor  which  passes  through  the  filter  is 
"  into  a  stoppered  bottle,  and  again  treated  \^\t\\Mcv\\\o\\\a. 
M  ^ecipitate  begina  to  form,  when  an  excess  oi  a\]iii^\v\^vi  q1 


224 


IBOK. 


ammonium  is  introduced,  and  the  bottle,  after  being  w>ctirel 
closed,  is  placed  in  a  tolerably  warm  eituation,  where  it  i»  all 
to  remain  durinrr  twenty-four  liourR,  at  the  expiration  of 
time  the  preeipitnted  snlpliureta  are  to  be  separated  by  6Jtra 
The  phosphorus  originallv  present  in  the  mineral  will  now,  it 
form  of  phosphoric  aeid,  W  eontained  in  the  tiltrate,  and  mn 
obtained  and  wei^died  as  an  insoluble  phosphate.     In  order 
this,  the  liquor  filtered  from  the  eulphureta  i*  rendered  sli 
acid^  and  boiled  to  expel  the  hydrosulphnrie  aeid  tjenerattsl. 
cJear  liqnor  is  now  rendered  alkaline  by  ammonia,  and  the  p 
phoric  aeid  preeipitated  at*  ammoiiio-msijLfnesian  phosphatr  liv 
addition  of  fiulphate  of  magnesia.     Every  ICK)  parts  of  > 
pyrophosphate  of  magnesia  thusi  obtained   represents   27  .  v 
pbosphorua. 

2d.  By  the  second  method,  the  amount  of  phoHphoric  "'■ 
determined  as   foUow^s' : — The   compound   under  exomin 
dissolved  in  hydrochloric  aeid  containine:  a  little  nitric  aci't 
shoidd  not  be  used  in  too  great  quantity',  and  an  excess  of 
of  soda  is  added  to  the  solution,  by  which   it  will  be  n 
acquire  a  deep  red  colour.     Oa  boiling,  a  reddish-brown  [<  ^ 
tate  is  deposited,   mid   a   clear   solution   remiiins.      Should 
supemataut  liquor  still  euntinne  coloured^  it  is  a  proof  rit  her  ihail 
sumcient  acetate  of  soda  i»  not  present,  or  that  there  is  an  c 

of  iron,  and  a  further  quantity  of  Hoda  is  necessary.     The  w   

la  now  again  boiled,  and,  if  the  liquor  has  becimie  clear,  t!wr 
browu  precipitate  ia  tbrown  on  a  filter  and  well  wns^hr  d  with 
hot  water.     To  obtain  the  phosphoric  aeid  which  it'  flic 

precipitate,  while  ptill  moist,  is  dissolved   in  hydro.  .-id, 

lartarir  neifl  ia  added,  and  subsequently  ammonia,  until  the 
liquid  smelU  di^ttinctly  of  that  alkali :  the  solution  is  clear,  and 
exhibits  a  yellow  colour.  A  mixture  of  sulphate  of  m»^D«*iiJa, 
sal-ammoniac,  and  ammonia,  is  now  added  to  the  solution  r--  ''"••" 
aa  a  precipitate  continues  to  be  formed.  Thiti  \h  i 
on  a  filter,  wa.shed  with  water  containiniyj  ft  little  anf;  i,, 

ttfter  calcination,  is  wei^died  as   pyronhiisphate   of  j  at 

above  directed.  The  sal-auimoriijtc  auded  ts  for  the  ^n.rjM.-r  cf 
preventing  the  precipitation  of  magnesia  by  ammonia,  aud  €Vt 
sLould  be  taken  that  the  liquor  from  which  the  precipitate  k 
obtaiiied  he  distinctly  alkaline. 
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Iron    is    employed    in    three    diflert'nt    Btat<»i  —  as    tntde 
rttfft  iron,  as  nifie)^  and  aa  wrought  iron,     Tlie  differcnoe  exifttn^ 
between  ihv^e  three  aub^t^mceii  ettHeuttidly  dt^ptmdt  uo  Ibo  i^life 
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Lounts  of  combined  carbon  with  whii'h  tlio  metal  is  associated. 

iron  contains  a  larger  proportion  than  steel,  and  steel  more 

wrought  or  malleable  iron,  which  ought  to  consist  of  pure 

without  the  Blight<?8t  trace  of  carbon.     In  practice,  this 

of  perfection  is  never  obtained;  but  the  more  esteemed 

■(ties  are  only  found  to  retain  extremely  minute  portions  of 

The  minerals  from  which  iron  is  obtained  arc,  on  account  of 

comparatively  small  value,  never  subjected  to  complicated 

ical  treatment.     Pea  iron  ore  is  usually  agglutinated  by  a 

of  clay  containing  but  little  iron.     This  is  readily  separated 

agitating  the  mixture  in  a  current  of  water,  by  which  means 

I  day  is  carried  off  in  suspension,  whilst  the  iron  ore,  from  its 

«ter  density,  remains  behind. 

Many  kinds  of  ore  require  to  be  roasted  before  they  are  treated 

the  metal  which  they  contain :  by  this  means  the  water  and 

lie  acid  present  are  expelled,  ana  the  ore  reduced  to  a  porous 

extremely  favourable  to  the  process  of  smelting  which  it 

■nbsequently  undergoes.    The  chief  ore  smelted  in  England  is,  as 

Itefore  stated,  the  argillaceous  carbonate  or  clay  ironstone  of  the 

eoil  measures,  although  a  small  quantity  of  red  hematite  is  used 

•■  an  auxiliary  in  some  of  the  works  in  Cumberland  and  Lan- 

Ctthire ;  but  in  no  instance  is  iron  pyrites,  or  the  pea  iron  ore  of 

tlie  secondary  strata,  at  present  employed  as  a  source  of  the  metal. 

The  mean  richness  of  the  ores  of  carbonate  of  iron  in  the  South 

'Wales  coal  basin  is  estimated  at  33  per  cent,  of  cast  iron,  whilst 

those  occurring  in  the  Staffordshire  district  usually  produce  only 

about  30  parts  of  crude  metal  for  every  100  parts  of  ore  employc^d. 

.         Every  lemiginous  clay-stone  is  nn  iron  ore  when  it  contains 

;     more  than  20  per  cent,  of  metal,  and  the  average  loss  of  water  and 

carbonic  acid  by  roasting  generally  amounts  to  from  25  to  30 

parts  in  every  100  of  ore  calcined. 

To  effect  the  calcination  of  the  ore,  it  is  piled  in  long  heaps 
over  a  stratum  formed  of  large  lumps  of  coal.  The  fire  is  now 
applied  at  the  windward  end,  and,  alter  it  has  burned  a  certain 
distance,  the  heap  is  prolonged  with  the  same  materials  in  the 
opposite  direction.  The  ordinary  height  of  the  heap  varies  from 
about  6  to  7  feet,  while  its  breadth  at  the  bottom  is  about  15 
or  20  feet.  When  the  ore  contains,  as  is  frequently  the  case,  a 
large  amount  of  bitumen,  it  will,  when  once  ignited,  readily  bum 
wiuiout  any  admixture  of  other  fuel ;  but  when  it  does  not  natu- 
nlly  contain  a  sufficient  quantity  of  combustible  matter,  its  place 
" '  be  supplied  by  a  sparing  mixture  of  coal-dust.  The  roast- 
of  iron  ore  is  likewise  Urt^quently  conducted  in  liximsmie^  te.^«AS\- 
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clircctlr  a  portion  of  malleable  metal  without  respect  to  the 
I  lantity  contained  iu  the  mineralt  it  will  be  only  necessary 
1  the  nnneral  chosen  in  contact  with  charcoal  or  other  sub- 

lrtJii'ice.«<  containing  carbon.  By  this  means  one  portion  of  the 
Midi?  will  be  reduced  to  the  metallic  state  by  the  deoxidising 
iiifiuence  of  the  fuel,  whdst  the  other  part  will  combine  with 
fcbe  ailiceoua  impurities,  and  form  an  extremely  fusible  double 
blieati^  of  alumina  and  protoxide  of  iron.  It  therefore  follows  that 
there  18  no  necesiiity  for  a  very  elevated  teniperatnre,  and,  eonse- 
lently,  tht*  carbon  will  not  unite  with  the  reduced  metal,  and 
riHtf  to  the  production  of  cast  iron.  If  the  fused  raasa  be  now 
u  with  a  hammer,  or  is  compressed  by  being  passed  throufjb 
es  of  rollen<,  the  fusible  slag  will  be  expressed,  whilst  the 
epon^e,  by  being  subjected  to  strongs  presaure  at  a  high 
ture,  becomes  consolidated  by  welding,  and  forms  a  com- 
macid.  The  amount  of  oxide  of  iron  wliich  by  this  method 
8  into  the  scoria  is  entirely  dependent  on  the  quantity  of 
ue  contained  in  the  ore,  and  it  follows  that  the  richer  varietiea 
could  be  made  directly  to  aflbrd  n^alleable  iron  by  such  treat- 
on  the  contrary,  the  object  be  the  extraction  of  the  lai'gest 
amount  of  metal,  without  regard  to  the  temperature 
red.  it  will  be  found  necessiuy  to  add  to  the  ore  some  bafle 
of  replacing  the  oxide  of  iron,  whicli  in  the  former 
united  with  the  silica  and  alumina  present  to  form  a 
&lag.  The  only  substance  sufficiently  cheap  to  admit 
msj  employed  for  this  purpoBe,  ia  lime,  which  is  readily 
tl  by  the  decomposition  of  itd  carbonate  by  heat.  When 
thuB  added,  the  resulting  slag  consists  of  a  double  silicate 
luntin^  and  lime,  which  is  much  less  fusible  than  that  of 
ua  and  protoxide  of  iron.  It  therefore  followa,  that,  to 
the  mi'tal  which  the  ore  eontaimi,  it  must  be  subjected  to  a 
»r  tempera ture  tlian  would  be  necessary  if  a  large  portit>u 
oxide  were  allowed  to  remain  in  the  slags;  and  coDsequently 
irf»n  j)rt»rliired  combincH  with  a  certain  amount  of  the  carbon 
•tiace,  and  h  cnnvcrt<*d  into  crude  or  east  iron. 
IPC  of  iron  by  the  former  metho<l  necesaitates 
r-ni  of  very  rich  ores,  and  from  the  nature  of  the 
_,^,  the  per-contuge  of  metal  obtained  is  far  less  than 
orti  capable  of  yicldmg.  The  direct  process  ueverthtdeas 
iron  of  rery  excellent  quality,  and  although  every  dny 
!os«  extensively  employed,  it  is  still  followed  in  the 
and  in  some  other  nistricts,  whicli  furnish  at  the  sairie 
jof  gpfrat jriurity,  luid  wood  for  the  prej>arat\oiv  ot  c\vMr<itm\ 
^pTie€\     Tliia  mtfthod  of  working  yields  a  Yety  KW^e^ 
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LiMttml  for  the  manufacture  of  steely  and  will  ahortlj  be 
us  ihi^  Cnuiim  process. 

SKGLlSn  PBOCESS  OF  FRON-SSCELTING. 

Tli«  Blaitt  PurnAve. — The  great  bulk  of  iron  mauufactui 
|>n*9<?rit  obtained  by  wbat   ia   culled    the   English    pr<:K*( 
lorgt'st  possible  portion  of  metal  being  extracted  by  tr 
du«»  admixture  of  iron  ore  and  carbonate  of  lime,  at  a  very 
temjH^rature,  in  an  apparatuH  c-alled  n  blast  furnace.    This  is 
ol'two  truncated  eonca,  a,  b,  uiiitod  by  their  bases,  (fig.  108). 


'ippf*r  portion,  a,  caUed  l\\e  con^  or  bothj^  is  formed  by  an 
iiaUm  of  lire  bnck«,  i  i,  vi\v\cV\«  ft^^ikk  feT^^^W^^vfevWw  ti.  -~ 
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VnP  tip  n  Hcoriae,  or  ref motor)*  sand,  and  which  sepa- 

■ltt?d  the  Mning  or  shirt  of  the  iumace  fir^m  the  cxternaJ 

■oating  of  tire  bricki*,  m  m\  Bupported  by  a  mass  of  inasonry,  n  it', 
propcmed  i-iiher  of  stone  or  common  etock-bricka.    The  openiug, 
&  At  the  lop  of  the  furnace,  is  caUed  the  throat  or  tunnel-hole^  auii 
p  s^uniJiiunWd  by  a  chimney,  d,  in  which  there  are  one  or  more 
fc>  Tor  the  convenience  of  charging  the  fiiel,  ore,  and  flux, 

jt..^  ^. ...J b  the  apparatus  is  at  regular  intenals  Bupplied.     Tlie 
vwcr  cone,  b,  is  Imown  by  the   name  of  the  boshes,  and  is  either 
^Mfcnicted  of  fire-brick,  or  of  a  very  refractor)*  material  called 
BMloHf ,  chiefly  obtained  from  the  coal  formations. 
W  Afl  this  part  of  the  arrangement  is  subjected  t^  a  very  high 
■Bcnperature,  it  is  of  the  utmost  importance  that  the  material  of  1 
Vnicb  it  is   composed   should   be  carefolly  selected,  for  on  the 
lliribility  of  the  ooshea  mainly  depends  the  lengtli  of  time  during 
Utich  the  action  of  the  furnace  may  be  unintemiptetUy  carried 
p.     To   preTent   the    occurrence   of  a   sharp   angle,   the    two 
■Utief  forming  the  bodv  and  boshea  are  usually  united  either  by  u 
^nrrr  or  narrow  cylincfrical  belt,  by  which  the  edges  are  slightly 
tV,  and  a  space  formed  called  the  6etly, 
t  st  di\i8ion  of  the  furnace,  E,  is  quadrangiUar  in  form, 
*od  composed  of  large  slabs  of  refractory  sandstone,  ceuiented 
^^vther  with  fire-clay.     This  is  somewhat  smaller  at  bottom  than 
■    point  «,   where  it  meets  the  boshes,  and  its  angles  are 
IK    rounded  off;  but  this   difference   of  size  at  the  two 
-  is  in  many  instances  so  small,  as  almost  to  give  to  the 
--.  w.,  ....  this  part  is  named,  the  form  of  a  quadrangular  pnam. 
The  bottom  of  the  furnace  is  composed  of  a  largo  firtvstonc, 
•*»pi)ortcd  on  a  mass  of  masonry,  in  which  numerous  channels  ii, 
*«t»  iL*l\  open  for  the  escape  of  any  moisture  which  may  be  expelled 
from  the  brick- work  ;  whilst,  to  keep  the  whole  building  peifectly 
^.  the  f  jiiodationa  are  traversed  bv  two  large  arched  galleries, 
"  I  each  other  at  nght  angles  beneath  the  axis 

.  y  of  the  furnace. 
»f  the  sides  of  the  hearth  are  continued  to  the 
lag  the  bottom  of  the  armngeukent.     The  fourth,  r, 
:ht  to  within  a  certain  distance  of  the  base,  where 
I    by  strong  bearers  of  cast  iron,  firmly  fixed  into 
i   the  walla,  and  on  which  rests  a  heavy  block  of 
4  the  tymp. 
of  five  or  sij  inches  beneath  the  tymp,  and  a  little 
.  is  placed  the  dam-itone^  rf,  which  has  a  prismatic 
ecu  rely   fixed  by  a   strong  piece  of  coat-iron   of 
i«.^.v,  which  covers  ifcfl'outer  side,  and  ta  knowu  Vj^  We 


At 


betftliis 
or,  if  He 
col  oC    In  p 

to  biuki 
mcfte  of  theM  1 
tkAce«  md«  by 
wlicn  the  sititat 
niit»»  it  \n  fount 
ta^^L-ous  to  place 
the  bottom  of  a  d 
in  sucb  a  way  a 
enabled  to  coima 
summits  with  th« 
gb  ground  by  means  of  a  bridge.  By  tbi^  airangei 
biTuraee  ea<!y  to  eupply  the  ftimacea  with  tbe  necessary  i 
fuel ;  but  if  thia  method,  from  tbe  nature  of  tbe  countryj 
be  adopted,  it  is  either  nused  by  an  incbned  plane  and  1 
worked  by  the  engine  of  the  blowing  macbme,  or  by  a  il 
platfonu  rai»ed  by  compressed  tur  or  hydraulic  nreaauil 
tops  of  the  furoocea  ttw  ^^u^tttiiii  wiXiai^ftdbY  a  platforns 
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Yent  aoeidents,  is  railed  round,  and  when  the  moTeable 
i  employed,  the  ore  and  other  matters  are  raised  in  iron 
18,  which  can  be  readily  transferred  to  a  continuation  of 
'  laid  on  the  platform  of  the  furnace,  and  which  conducts 
lirectlj  to  the  throat,  where  thej  are  shot  by  tilting  the 

IS. 

rder  that  the  moisture  may  readily  escape,  and  the  brick- 
e  prerented  from  splitting,  through  the  pressure  of  confined 
vapour,  the  whole  of  the  masonry  constituting  the  exterior 
of  the  apparatus  is  traversed  by  numerous  small  channels, 
ch  the  drying  of  the  mass  is  greatly  facilitated.  The  work 
strongly  bound  together  on  the  outside  by  stout  iron 
which  are  made  to  bind  tightly  either  by  keys  or  screws  and 
These  horizontal  bands  are  also  bound  together  by  long 
L  bars,  to  which  they  are  attached  by  loop-eyes  or  strong 
>olt8,  and  by  this  means  great  strength  and  solidity  are 
inicated  to  the  building. 

dimensions  of  these  furnaces  differ  very  much  according  to 
;ure  of  the  product  which  is  sought  to  be  produced,  and  the 
IS  of  the  ores  operated  on.  The  height  is  extremely  variable, 
being  only  86  feet  high,  including  the  chimney;  whilst 
reach  an  elevation  of  60,  and  even  70  feet,  firom  the 
L 

most  common  height  is,  however,  from  45  to  50  feet,  to 
must  be  added  that  of  the  chimney,  which  is  from  8  to  10 
length,  and  frequently  formed  of  but  one  course  of  bricks, 
ly  bound  together  by  stout  iron  rings  and  girders.  In 
nstances  these  chimneys  are  so  firmly  ironed  that  their 
J  is  half  covered  i^-ith  metal ;  two  doorways  are  usually  left 
opposite  sides  of  the  base,  for  the  introduction  of  the  ore 
el.  The  throat  is  protected  and  held  together  by  a  large 
r  plate  of  cast  iron,  and  on  this  the  foundations  of  the 
?y  repose. 

irnace  of  50  feet  in  height  produces  on  an  average  about 
a  of  cast  iron  per  week,  and  may  liave  very  nearly  the  follow- 
nensions : — 

ght  of  the  crucible  and  hearth     .     .     6  feet. 

„  boshes 8     „ 

„  body  or  cone      .     .     .     .  36     „ 

„  chimney 12  feet  6  inches. 

ith  of  the  throat 3     „    8      „ 

„  boshes 3    „    6    „ 

„  top  of  hearth      ....     3     „ 

„  bottom  of  do 2    „    8     „ 
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The  inclinfttion  of  the  boshes  will  depend  on  the  natufe 
eaat  irou  which  it  is  desired  to  produce,  as  its  quality  s| 

be   much   influenced    by 
given  to  this  part  of  the  furnaa. 
Wbere  very  dark  iron  for  tbr 
poses   of   casting   ia   maiiuiarti 
they  are  commonly  less  sloped 
when  grey  iron  for  aubseqiienl 
vei*sioa  into  bars  is  required, 
limit  of  this  diilvrence  is  gei 
ubout  5°,  the  visual  angle  fonawi 
the  Bides  of  the  boshes  with  the 
pendicular  being  from  55"  to  GOT. 

The   erection  of  a   pair  of 
furnaces  of  40  feet  in  height 
320,(XMJ  common  bricks  for  the 
side  masonry,  and  SOtlXK)  fife-^ 
for   the    refiactory  Iming   on 
itiside. 

In  the  neighbourhood  of  01 
where  the  hot  blast  is  used,  the 
of  the  furnace  ia  usually  nuuk 
cylindrical   form,  as   representMi 
figure  1X0. 

lu  South  Wales,  and 
ill  the  neighbourhood  of 
the    fiiniaees   are   of  a  muck 
massiTe  construction,  as  the  upper  and  hghter  portions  of  the 
are  composed  of  a  single  tliickiiess  of  bricks  only*     These  sn 
inches  in   length,   and  made  to  suit  the  various    curves  of 
furnace.     The  whole  apparatus  is  strongly  bound  together 
proper  arrangement  ot'  iron  stays,  and  is  found  to  be   quit 
durable  as  those  built  with  an  external  coating  uf  heavy  mi 
The  tuyeres  built  into  the  hearth  of  a  blast-furnace  are 
tubes  of  cast  iron,  a,  6,  c,  </,  tig.  111.     To  prevent  these  from 

melted  by  the  intense  he$i 
'J/        ^^    which   they  are    8ubji*cted, 
6  __^s^^S3H5^  t    ^'^^1    annular  spac^  is   preservi 

the  metal  composing  the 
of  the  cone.  Through 
opening  a  current  of  cold  wuter 
is  constantly  made  to  circulate* 
by  means  of  two  tubea,  /,^i 
one  of  which,  t,  supplies  tim 
cold  water,  whilst  the  otVer,  f ,  cait\e^  o«^  v\iiAvOe:\^\mWft« 
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are  placed  the  nozzles,  y,  made  either  of  thin 
m,  aad  being  connected  by  leathern  hose,  or 
the  pipes  leading  from  the  blowing:  inachine, 
jiir  to  the  furnaee^  they  admit  of  beintr  readily 
>per  adjustment  of  the  blaat.  The  thrt»e  tuyeres 
lifferent  sides  of  the  hearth,  although  plai-ed  at 
It  from  the  bottom,  are  not  set  exactly  at  right 
ices  of  the  crucible,  but  ore  slightly  inclined  in 
dons,  to  present  the  ditferent  curreuts  of  air  from 
with  each  other. 

le. — The  blowing  machine  ordinarily  employed, 
i  of  a  large 
A,  ac- 
ed  on  the 
mded  with 
de  air-ti|^ht 
pring,  or  a 
laed  hemp. 
L,  is  closed 
ties  by  iron 
be  cover  13 
Is,  through 
he  rod,  b, 
thepiston. 
le  cylinder 
h  twu  late- 
W,  one  of 
kiunicat^i's 
■ir,  and  is 
I  a  valve 
Istheinside. 

the  contrary,  p\  opens  outwards,  and  communicates 

tslmraber^  u*  also  made  of  cast  iron.     The  lower  end 

is  provided  with  simOar  valves  and  apertures  :  that 

establishes  a  communication  between  the  external 

beneath  the  piston,   ia   furnished  with   a  valve 

I,   whilst    the   other,    opening  into    the    lateral 

'  by  a  valve,  f',  shutting  in  an  opposite  direo 

o  understand  the  action   of  this  apparatua,  let  us 
be  piston  has  been  miBcd  to   its  lull  hei^-ht  in  the 
oegmi  to  bo  again  forced  d*^'^'";_^  "^^  ^W  valves 
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ihe  air  contained  in  the  upp«"^  '^^  V?     ^^e  vessel 
_.wme  moiv  and  more  raribed,  aj}*!  the    dVl^^^^^jj^ 
Bsn  the  air  m  thia  part  of  the  cylinder,  ^vi^  \;^^^ , 
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the  external  atmosphere,  wiJl  cause  the  valve  v*  to  npply  it«d 
firmly  against  the  metallic  surface  before  which  it  ia  hung. 

The  valve  r,  on  the  cotjtniry,  which  opens  inwanls,  will  bi 
lifted  as  soon  as  the  diiFcrence  between  the  ciensity  of  the  i  licit 
air,  aud  that  of  the  atmosphere,  is  sufficiently  great  tu  ovei-eonji! 
the  resistance  caused  by  its  mechanical  ndjustmentu  :  and  in  pto, 
portion  as  the  piston  descends,  the  space  beliind  it  will  be  occuptd 
by  a  supply  of  atmospheric  air  am\ing  from  without. 

The  motion  which  cautjes  the  air  above  the  piston  to  dilat4S  nill 
evidently  at  the  same  time  compress  that  which  is?  hcncnth, 
proportion  as  it  approaches  the  bottom  of  the  cylinder,  im 
the  valve  r,  opening  in wardii,  to  close  finnly  against  the 
metal  tsuHace   to  which  it  \&  attached;    whilst  that   miirkcd  t, J 
hung  in  a  contrary  direction,  will  open  and  allow  the  air  to  p»»| 
into  the  cliamber  ii,  from  whence  it  escapes,  tlirough  tlu' 
(>,  to  the  pipes  connected  with  the  different  tuyeres  of 
uace.     In  thit^  way  the  iipper  portion  of  the  cylinder  di 
air  fpijm  without  during  the  descent   of  the  piston,  an 
tliat  A^hich  is  beneath  it  through  the  cliamber  into  the  p 
which  it  is  connected.     When  the  piston  is  raised,  the  i       . 
this  takes  place :  the  lower  portion  receives  air  froui  without,  whiirt 
the  upper  discharges  that  which  it  contains  through  the  variiiui 
pipes  loading  to  the  tuyeres.    The  machine  is  by  this  means  miMlic 
to  throw  into  the  surface  a  nearly  continuous  flow  of  air,  the  aid* 
time  at  which  the  current  is  interrupted  being  that  al   wliieh  the 
piston  has  reached  the  i'uD  extent  ot  its  stroke,  aud  before  it  hii 
oegim  to  move  in  a  contrary  direction. 

As,  however,  it  is  of  considerable  importance  that  the  reguUfitr 
of  the  blast  should  not  be  impaired,  the  pipe  leading  from 
chamber  b  is  made  to  communicate  with  a  large  closed   ' 
of  wrought  iron,  where  the  variations  referred  to  are  lo^ii 
the  elasticity  of  the  air  itself.     The  piston  of  the  bin 
i«  abnost  invariably   worked   by  steam   powcr»  bi  i 
by  a  parallel  adjustment  to  the  oeciDatiug  beam  of  un 
In   many   cases  each    machine    is   provided  with  twn 
cylinders  acting  altemat?ly  at  each  strtjkc  made  by  t ' 
v^hich  the  motion  is  communicated.     The  power  recpj 
an  apparatus  of  this  kind  necessarily  depends  on  ite  siws  wad 
that  of  the  furnace  or  series  of  funuiccs  which  It  -lit.nlif*.  .  but 
an  average  about  one  htirse  nower  may  be  • 
tons  weekly  produce  of  metal     J^  t  • . ■  i  '•  -  ^r  1 1  , 
establishments,  the  power  of  350 

aces,  and  their  rt^spective  finci  it-  ,  ., ;,.. 
th  for  the  iineriea,  will  kmve  for  i*ocb  a 
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laces  ea^'h  cousuiiie  on  an  average  3,600  cubic  feet  of 
%  and  yield  a  weekly  produet  of  60  tons  of  ca«t  iron : 
expended  in  blowing  will  therefore  be  equivalent  to  the 
one  horse  for  CTery  Si^^f^t  tons  of  metal  produced. 
^Bie  g^reat  blowing  cylinder  at  one  of  the  largest  of  the  South 
^^9  iron  works  is  9  feet  4  inches  in  diameter,  and  8  feet  4  inches 
^Big:bt.  The  piston  has  a  range  of  8  feet,  and  makes  13  strokes 
^Buinute^  which,  alter  allowing  4  per  cent,  for  loss  by  various 
^Kge«,  gives  by  calculation  the  gum  of  12,588  cubic  feet  of  air 
^H||^£rom  the  ap])arntuB  in  one  minute. 

^^^^kssure  at  which  the  blaat  is  admitted  into  the  hearth 
^H^Rvhin  considerable  limits  according  to  the  season  of  the 
^Kmd  the  nature  of  the  tuel  employed.  In  summer,  the  air 
^^^B^re  rarified  than  in  winter,  will,  in  a  given  bulk,  contain 
^^^^■ouut  of  oxygen  ;  and  a  larger  quantity  is  therefore  blown 
^HlVfurnace  to  produce  a  i^iiiiilar  result. 
Hprth  very  light  and  easily  combustible  fuels,  such  as  the  various 
•Bin  of  charcoal,  but  little  pressure  i«  used ;  but  when  a  veiy 
deRi«e  fuel,  Buch  as  coke,  is  employed,  the  air  requires  to  be  more 
|te)gly  conipressed.  The  small  eharcoal-fod  furnaceR  of  the  Con- 
^■it  are  frequently  blown  with  a  pressure  not  exceeding  half*  a 
^■nd  on  the  square  inch ;  but  this  is  more  or  iesa  modified 
Bbrdin^  to  the  nature  of  the  charges  with  which  it  is  supplied, 
^or  coke,  the  pressure  varies  from  IJ  to  3j  pouiidti  per  square 
bcij ;  but  these  numbers  represent  tlie  extreme  limits,  and  the 
•tpnige  will  probably  be  between  2i  and  3  pounds  to  the  square 

^■ncltlnic. — Having  described  the  blast  furuaee,  and  the  diffe- 
^Rarnujgernents  conuected  with  its  actirui,  we  will  now  proceed 
^Ke  study  of  the  various  plienomemi  which  influence  the  opera- 
^Bof  ttmeltiiig  iron  ores. 

^Hor  thia  purpose  let  us  suppose  that  the  fiiruace  is  either  quite 
^K  or  has  been  recently  repaired,  and  it  will  be  therefore 
^■iviirv  to  coiumence  by  lightinif.  To  prevent  the  masonry  from 
^K  injured  by  a  too  sudden  application  of  heat,  this  is  begun 
^Kiliiig  n  quantity  of  loose  fuel  in  the  arch  forming  the 
^■ftt  of  the  furnace  ;  on  lighting  this,  the  smoke  and  flame  will 
^Br  the  body  of  the  apparatus  through  the  orifice  left  open 
^Bt^en  the  t^Tiip  and  the  bottom  of  the  crucible,  as  at  this 
^Ht  of  the  operation  the  dam  is  let\  entirely  open.  The  fire  ta 
^ft  thuH  kept  up  during  several  succesjsive  days,  and  as  soon  as 
^Krkk-work  has  become  suflicienlly  heated,  to  prevent  any  fear 
^^^BtDt  from  an  increase  of  temperature  the  tue\  \ft  t\\T^i>nxi 
^HjBfuniace  through  the  throat,  and  allowed  to  me  aa  W  «« 
^^^dh  of  the  boahea.     When  the  drying  i»  ftt\i\ju|^j 
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advanced,  the  whole 

combustible  whkb  ia 

blast  gradually  and 

force  of  air  is  allowed 

has  sutiicirutly  euuk 

ia  tbmly  spread  on  \\ 

placed,  auu  when  it 

coke  are  auccessivelv 

the  charges  of  ore, 

gradually  increased 

employed  during  thd 

It  ia  essential  to  t. 

the  metal  and  gan 

perfectly   liquid   s 

readily   effected   by 

seldom  happens  that 

without  the  addition 

which  they  contain 

fluonce  on  the  pro 

associated  with  the 

which  are  both  infuail 

and  can  only  be  mel 

oxide  of  iron  contai 

in  the  slags,  considi 

from  any  given  quanl 

to  a  siliceous  gj 

our  furaaces,  it 

a  proper  quantity  of 

ibnna  a  fusible  silicate 

of  adding   a   proper 

into  the  furaaee,  the 

of  the    oxide  of 

taining  a  large  proi 

metal  will  be  propoi 

being  associated  with 

similar  nature  will  be 

almost  totally  infusible 

with  a  mixture  of  iro 

oxide  of  that  metal,  au 

ii>on,  which   is  much 

of  carbonate  of  lime  be| 

the  ore,  it  nill,  du 

apparatus,  be  converti 

with  the  silica  and  alui 

kiudiifiiiftiUMtIi 
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le  protoxide  of  iron  is  almost  entirely  replaced  bj  the 
led.  Should  the  eangue,  on  the  contranr,  be  chieflj  com- 
r  quartz,  it  will  be  necessary  to  add  both  carbonate  of 
.  arj^Uaceous  matter :  but  instead  of  doins^  this  directly  by 
9f  limestone  and  clays  rich  in  alumina,  it  is  found  more 
^us  to  effect  the  same  object  by  a  judicious  mixture  of 
;s  as  contain  the  largest  quantities  of  the  substances 

linerals  treated  in  many  localities  contain  a  large  amount 
nate  of  lime,  and  in  this  case  it  is  impossible  to  obtain 
ory  results  without  a  due  admixture  of  silicate  of  alu- 

bis  purpose  clay  ironstoije  is  most  frequently  employed, 
1  the  same  result  is  obtained  by  the  use  of  a  proper  mix-  . 
the  rich  silicate  of  protoxide  ot  iron,  obtained  in  some  of 
resses  to  be  hereafter  described. 

'usibility  of  the  double  silicate  of  lime  and  alumina  is  also 
ed  by  the  relative  proportions  of  its  various  constituents, 
ilicates  are  found  to  be  moat  fusible  in  which  the  oxygen 
icid  is  double  the  amount  of  that  contained  in  the  united 

The  point  of  fusion  is  also  materially  affected  by  the 
.  existing  l)etween  the  respective  amounts  in  which  the 
es  are  combined  ;  and  tliose  slags  are  invariably  the  most 
which  result  from  a  mixture  of  one  part  of  natural  clay 
out  ^  of  carbonate  of  lime.  It  has  also  been  observed, 
I  other  circumstances  being  the  same,  the  iusibility  of  a 
is  greater  in  proportion  to  the  number  of  bases  which  it 
s,  and  consequently  a  more  liquid  scoria  is  obtained  by  the 
1  of  a  magnesian  limestone  than  if  pure  carbonate  oi  lime 
one  employed.* 

eat  proportion  of  the  expense  incurred  in  the  metallurgic 
?nt  of  the  ores  of  iron  is  occasioned  by  the  largo  quantities 
bustible  consumed,  and  it  is  consequently  of  the  highest 
mce  to  reduce  as  far  as  possible  this  expenditure  of  fuel. 
s  reason  it  is  usual  to  increase  the  weight  of  the  charges  of 
til  the  metal  produced  suffers  more  from  deterioration  in 

than  can  be  gained  by  economy  of  the  combustible,  and 
rking  of  the  furnaces  will  therefore  be  most  advantageously 
ted  when  these  limits  are  moat  nearly  approached.  The 
iployed  in  the  blast  furnace  is  either  charcoal,  coke,  or  coal, 
;  nature  of  the  products  obtained  will  be  in  a  great  degree 
ced   by  the  nature   of  the  combustible  with  which  the 

presence  of  magnesia  in  the  Wmestoue  cin]'.loyed  lA  t\iou%\\t  \s^  td,«w^ 
egndiojJ  to  the  quality  ot  the  iron  produced. 
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apparatus  is  kept  eiipplied.  When  charcoal  is  thr  foci 
the  ttinoimt  ot  iuconibuHtible  matter  produced  is  vury  mmlt 
and  hesidea  being  extrt-mcly  fusible,  it  doos  not  cMmtiiin  tOf 
ingredient  detrimental  to  the  quality  of  the  iron  mium factum, 
lu  furnaces,  therefore,  in  which  eharcoid  is  consumed,  the  j.-^-il-fti 
Bought  is  the  fonnation  of  the  most  fusible  slags  whicli 
produced ;  and  great  care  is*  at  the  same  time  taken  to  excluut 
the  charge  any  impurities  likely  to  exert  an  uufavnurahle  infl 
on  the  properties  of  the  metal  obtained.  TJie  «lag  ii-  " 
in^  fn>m  this  method  of  treatment  is  a  nearly  pure  d- 
of  lime  and  alumina,  containing'  but  slight  traces  of  {ruttA 
ii\jny  and  in  wliich  the  oxygen  of  the  acid  is  just  double  t 
the  united  baj^ea. 

With  coke,  on  the  contrarY,  the  amount  of  ash  left  i«  oftm 
very  considerable  ;  and  as  the  hiel  frequently  contain.''  *  i 

iron,  residtin^  from  pyrites  present  m  the  coal  from  'U 

made,  the  sulphur  thus  introduci'd  into  the  funmcc  uuite*  witb 
the  iron  produced,  and  materially  affects  its  quality.     If  in  tliii 
case  the  mixture  of  ores  were  arranged  so  as  tu  a«;aiu  give  riwto 
the  formation  of  a  double  silicate,  having  the  same  conjn.jsiliun  a» 
that  obtainetl  in  the  charcoal  furnace,  a  large  prop' 
sulphur  present  would  unite  with  the  metal^  thereby  ^.. ,. 
riorating  its  quality,  and  totally  unfitting  it  for  tue  mu 
mantifactturtng  purposes. 

KxpeHence  him  sho^n,  that  when  an  eiceas  of  Ume  u  tf&d<i 
these  circumstances  present  in  the  furnace,  the  sulphur  ri'   ' — ' 
possesiics  a  tendency  to  unite  with  the  iron,  but  patwes  <  ' 
slags  in  the   form  of  sulphuret  of  calcium.      The  >l 
from  this  method  of  operating,  instead  of  being  a  d* 
in  which  the  oxygen  in  the  base  is  but  half  that 
the  acid,  will  form  a  silicate  in  which   the  oxygen  »• 
equal  to  that  of  the  acid,  and  is  consequently  more  ; 
the  slags  produced  by  the  charcoal  furnace,  and  ther. 
a  ver)'  high  temperature  in  order  to  cause  it  tu  flu 
the  hearth.   The  metal  manufitrtured  liy  the  use  of  < 
of  inferior  quality  to  that  obt; 
employed;  but  the  great  ex p< 
applied  only  wliere  Iron  of  tlie  bt7<t  sort  is  required. 

Cliernletil  Action  of  ilit*  BlaHt. — The  chemical  chMn 
occur  during  the  process  of  smelting  iron  oivs  in 
furnace,  will  be  perhaps  best  iitulM<t/in.l  In  flr^f  . 
rarious  reactions  produced   1 
!>,....  t\...  ♦,,,  ...<..  K.  the  throM 
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^ore  and  fuel  are,  as  before  stated,  tlirowu  into  the  furnace  in 
strata,  and  dest'end  in  the  i»ame  order  until  they  reach 
|»brLlr  or  upper  part  of  the  boshes.     The  temperature  of  the 
part,  or  cone,  is  not  very  cousidemble  :    in  the  neighbour- 
of  the    boshes  much  more  heat   ia  evolved,  whilst  in  the 
;h  iti  developed  its  maximum  iiitensitv- 

ie  air  thrown  in  to  the  hearth  there  meets  with  fuel  in  a 

ly  incandescent  state,  and  from  the  large  excess  of  oxygen 

jnt,   vigorou.s   local   combustion   ensues.      This   combustion 

bv  the  blast  u&ually  extends  to  about  the  middle  of  the 

,  but  its  activity  is  there  much  iess  than  in   the  hearth 

r,  as  the  larger  portion  of  tlie  oivgen  is  already  converted 

carbonic  acid  before  that  point  has  been  reached  by  the 

ir  current. 

»9  which  reach  tiie  upper  part  of  the  boshes  are  chiefly 

of  nitrogen  and  carbonic  acid,  and  as  they  have  acquired 

fated  temperature,  communicate  a  portion  of  their  heat 

ibustible  and  mineral  occupying  the  lower  portion  of  the 

Of  cone.     Here,  from  the  facility  with  which  carbonic  acid  is 

rated  temperatures  converted    by  the  presence  of  carbon 

carbonic  oxldej   another  change  takes   place.     The   heated 

ic  acid,  on  arriving  at  the  base  of  the  cone,  is  decomposed 

It  fuel  with  which  it  then*  comes  in  contact,  and  combining 

itity  of  carbon  equal  t^D  that  which  it  already  contains, 

converted  into  carbonic  oxide.  Each  atom  of  carbonic  oxide 

)dueed  occupies  exactly  the  same  space  as  the  carbonic 

which  it  was  generated,  and  as  every  atom  of  the  latter, 

ing  with  an  atom  of  carbon,  gives  rise  to  two  of  the  former, 

ws  that  a  great  expansion  of  volume   must   take   place. 

""  station  must,  according  to  the  known  laws  of  physics, 

absorption  of  a  corresponding  amount  of  heat,  so  that 

►rature  will,  instead  of  Iming  increased,  be  considerably 

»<l,  and  whilst  the  boshes  are  at  a  white  heat,  the  baae  of 

[cone  will  be  merely  red-hot. 

gsistes  exiHting  in  this  region  now  consist  of  a  mixture 
and  carbonic  oxide,  which  must  in  their  a*icent  traverse 
»d  ore  and  tnel  contained  in  the  higher  part  of  the  boshes 
ctinr  of  the    furnace.      In  doing  this,   the  carbonic   oxide 
ly  a<rt»  at  a  high    tempiTatnre  on  the  oxide  of  iron,  and 
it  to  the  tnetallic  state,  so  that  there  is  formed  in  this 
td  ^'  t-nt  a  mixture  of  gangue,  lime,  and  metallic 

of  iron  causes  the  reproduction  of  a  portion 
I  Id,  al  the  expeUHCof  th**  oxideof  carbon,  and  aunVWt 
be  derived  irom  the  ciirbonate  of  lime  ustfd  a^  a  ^\ 
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which  IB  at  tkis  poinfc  converted  into  caustic  lime  by  tho 
of  ita  carbonie  acid.  The  giiaea  which  escape  by  the  thrniit 
furnace  therefore  conaist  of  iiitrof^en,  carbonic  oxide,  and  ^.-arb 
aoid,  togetlier  with  hydrof^eu  and  carburetted  hydrogen,  ari 
from  the  dry  diatitlation,  in  the  upper  part  of  the  cone,  of 
combustible  employed  as  fuel,  aiu!  which  is  never  »o  thorou 
charred  as  not  to  yield  a  certain  amount  of  these  i^aaes  whea 
jected  to  an  elevated  temperiiture.  The  quantity  of  ottl 
oiide  and  hydrogen  ia  also  slightly  au^ented  by  th^  moi 
which  enters  with  the  bla^t  tlirough  the  tuyeres^  and  la  dpcom| 
bv  traversing  the  layers  of  heated  fuel  contained  in  the  bo 
tfic  furnace.  The  gasea  which  escape  from  the  chimney  are  S6 
Terj'  highly  heated,  but  are  exceedingly  combustible,  and  on  I 
ignited  burn  with  a  clear  transparent  flame,  which  cont 
during  the  whole  time  the  furnace  is  in  action. 

The  following  Tables  exhibit  the  per-centag©  composikic 
the  gaae^  iasuiug  from  the  furnaces  of  Vickerhagen^  in  Ctrrn 
and  Baenim,  in  Norway*  The  ore  in  both  these  lociiliti 
treated  by  the  aid  of  wood  charcoal,  and  the  gases  were  obfc 
of  varioua  distances  below  the  throat  or  tunnel-hole,  by  pass 
wrought  iron  pipe  to  the  depth  at  which  it  was  desired  to  exi 
the  producta  of  eombustion.  To  the  upper  extremity  uf  thijt 
was  conueeted  a  leaden  pipe,  by  which  the  gases  were  condi 
to  a  place  suited  for  their  analysis,  and  by  this  means  they 
readily  eollected  in  sealed  ghiss  tuhes,  from  which  thev  cou 
subsequently  transferred  into  vessels  properly  graduated 
eudiomctrical  examination.  The  experiments  on  tlie  <^ 
furnace  are  by  Professor  Bunsen,  and  those  made  at  the  Ba 
Trou  Works,' by  Scheerer  and  Langberg, 
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He^ht  abore  the 
Turere. 

Composition  according  to  volume  of  the  Qnaea  at 
Baerum. 
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If  we  now  examine  tlie  changes  produced  during  the  descent  of 
e  ore  and  fuel  to  tlie  hearth,  we  shall  lind  that  ver\'  dirt'erunt 
emical  reactions  are  effected  in  the  various  parts  of  the  furnace. 
I  the  neigliboiirhood  of  the  throat  the  hygrost-jipic  water  will 
one  be  driven  off.  When  they  have  sunk  to  the  distance  of  ten 
•twelve  feet  from  the  surface,  the  combined  water  of  the  hydrati'd 
dde  of  iron  begins  to  be  expelled,  whilst  still  a  Utile  further  down 
le  carbonic  acid  both  of  the  ore  and  tlux  is  partially  eliniinattMi, 
id  a  portion  of  the  oxide  of  iron  beconjes  rcflui-ftl  to  the  metallic 
ate.  This  reduction  is  completed,  and  t}j<'  reinaiudcr  of  the  car- 
mic  acid  t?xpelled  in  the  lower  part  of  the  euu^r  and  ihti  roiii- 
encement  ot  tlie  boshes.  When  the  substanr-j-n  nra<:h  the  low«r 
at  of  the  boshes,  they  there  mcfet  with  a  mui-h  mon?  eli-vat*  'i 
snperature,  and  the  lime  added  as  a  Hux,  to:^<'t}i<'r  with  tli<:  ;i-). 
mtained  in  the  fuel,  combines  with  the  ti\\'u".i  to  form  vnn'iui 
3uble  silicates,  which  are  afterwards  m(it«;d,  and  cou-tjtuK-  t 
uible  slag. 

In  this  rep^on,  also,  the  iron  is  expo^rd  in  a  vrr. 
ising  atmosphere  to  intense  heat  in  the  pren-ij**- 
?rtain  portion  of  this  substance  is  con!Mr<jii'r;,t;y 
letal  which  passes  to  the  state  of  cast  iron.     A'  f 
lica  is  at  the  same  time  reduced  in  th'irf  part  of  i 
Bcomposition  is  caused  by  the  presence  of  ih'-  jfni  ;ii.'-  'r^" 
ith  the  first  of  these  the  rc»siilting  siliciNj/j  i  ;/x ».  jr.*'/ ' 
on,  while  the  abstracted  oxygen  uniti-;?  w jr. -j  .  ,i »/.//,    ;.    .    > 
•e  to  the  formation  of  carbonic  acid  gan. 

The  charge  thus  modified  now  arrives  at  t)-<   .,;,|,«  i  ;/..•• 
eirth,  where,  from  the  intensity  of  thir  i-«  :,♦  ;'- 1,'  t 
rtion  of  the  blast  on  what  remains  of  tb-  f .« :   t,o»  •  '  ••  i~  ?-: 
nd  locust  iron  become  completely  fwif:fj .  ^.lA  }.i^   u.  -  ^"^ 


i>'  '  ai  \tnu    'i 
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shower  into  the  cmeible  beneath.  As  has  been  before  i 
the  atmosphere  present  in  tliis  portion  of  the  apparat 
treinely  oxidising  ;  and  it  ia  therefore  absolutely  uw 
the  hearth  be  so  coutracted  ae  to  cause  the  nieltt'd  piiidui 
rapidly  through  the  zoue  of  oxidation.  If  the  rnatei 
amving  at  the  termination  of  the  boshes,  were  allowed  t 
too  long  exposed  to  the  oxidising  influence  there  present, 
derable  poi-tion  of  the  reduced  metal  would  again  be  o 
into  oxide,  and,  uniting  with  the  silicates  of  the  ganj 
ott'  in  the  form  of  liquid  slag.  On  reaching  the  eruc 
mixture  of  metal  and  fused  silicateB  arrange  thein^elvps  a 
to  the  order  of  their  densities  :  the  iron,  from  its  greatef 
gravity,  oecupies  the  lowest  poeitiou  in  the  hearth,  w 
Gghter  silieatea  float  on  its  surface,  and  serve  as  a  proted 
all  oxidating  influences.  The  volume  of  slag  thus  nn 
always  five  or  six  times  greatt^r  than  that  of  the  iron  outu 
consequently  it  soon  rises  to  the  level  of  the  dam-phite,  ani 
over,  esenpeft  on  the  top  of  the  inclined  jdano  to  the  g 
which  the  furnace  ih  huilt.  When  the  Hiirface  of  tb< 
becomes  pasty  from  cooling,  and  it  tlierefore  ceases  to  floi 
the  hardened  svnm  i»  removed  by  means  of  pointed  iron  le* 
ing  on  the  lateral  plate  of  the  inchue,  and  winch,  for  the  pi 
aflordhig  a  better  fulcrum,  ia  often  coarsely  notched  like 
of  a  large  saw.'  During  the  time  the  slag  is  being  , 
removed  from  the  inclined  plane,  the  cast  iron  is  slowly 
lating  in  the  bottom  of  the  crucible,  and,  if  not  withd 
intervids,  would  ultimately  rise  to  the  height  of  the 
escape  by  the  same  channel  which  afi^irds  egress  to  tl 
silicates.  When,  however,  the  crucible  has  become  ne 
with  metal,  which,  according  to  the  construction  of 
happens  either  once  or  twice  in  the  course  of  t^vtintr*fo 
the  iron  is  drawn  oft*  in  order  to  make  room  for  a 
lution, 

111  is  removal  of  tlie  liquid  metal  is  called  iuppintf,  and  ii 
by  pien-ing  with  a  long  oar  a  plug  of  clay,  with  «1h,  r,   •?( 
predous  operations,  a  hole  communicating  with  i 
crucible  hixd  been  tightly  closed.     Before  proct,  i 
workmen  prepare  motdds  for  the  reception  of  the  Hi 
r-r  '  nting  in  the  sand  composing  the  floor   of  th 

f  parallel  trenches  connected  by  a  channel  wlitclii 


by 

uii  Ml  light  angles,  and  nUces  them  in  c^ 
}ki  the  bottom  of  the  nwirth,  by  whi<  I 

'  luf^iemi  of  n'mcivliig  t\ie  • 
qniMiily  inocddi'd  inUi  Uruc  l«^ 
Jftinning  on  a  nilwo^.'^dM  rrunUftv^ot'c 
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^^k*  The  bUst  is  now  shut  off  trom  the  tuyeres,  and  tlie  plug 
^■haetor)'  clav  rapidly  removed :  this  aUows  the  melttd  iron  to 
^Hiuto  the  numuel  eommuuieating  with  the  moidd ;  here  it 
^Blt?M  the  form  of  aenii-cyliudrieal  bars  or  piffs,  united  by  one  of 
^^p  dimeui^ions,  called  a  sow,  and  from  which  tliey  are  easily 
^Hited  by  being  broken  ott*  at  the  points  of  cnniieetiou,  whien 
^Br  tlu(*  i*eaeon  purpo»ely  made  thinner  than  tht^  other  jjarts  of 
^^UBr».  Wnien  the  whole  has  been  drawn  off,  tlie  air  is  a^'ain 
^Kted  into  the  furnace,  and  thn  sinelting  openitiona  as  abo\e 
^■dbed  are  repeated,  until,  from  the  quantity  of  metal  accu- 
^B^ed.  a  second  tapping  beromea  necessary, 
^^H^  cuality  and  eon  sequent  value  o(  pif/  iron  is  not  only  modified 
^^^■Hpnn  and  si^e  of  the  furnace  from  wbich  it  haj^  been  obtained, 
^^^Bb  in  a  great  measure  depends  on  the  nature  of  the  ore 
ihom  wliich  it  is  reduced,  as  well  as  on  the  composition  of  the 
ttrtiriiltr  fiiel  with  which  the  furnace  is  supplied.  With 
having  the  same  composition,  the  iron  produced  by  the 
I'ut  oi  charcoal  is  generally  of  wniftM-m  quality,  arui  well 
h  for  the  purposes  of  casting  and  conversion  into  mallea* 
^^w^un  ;  but  when  the  smelthig  id  etfeeted  by  the  use  of 
^H^ty  coke,  the  nature  of  the  product  is  much  more  liable  to 
^Kiou.  The  products  resuhiiig  from  these  different  proee»8e* 
^^De  divided  into  three  distinct  classes. 

^^^fa^r^y  cast  iron^  which,  in  flowing  frmn  the  crucible,  throwa 
^^^BW'intllhitions,  and  on  cooling  exhibits  »  finely  crystalline 
^K^  Tl)id  kind  congeals  very  slowly,  and  when  cast  into  pigs 
Hbntlr  nreseiita  smooth  concave  surfaces.  When  riMnclted, 
^■Detnl  forms  an  excellent  material  for  castings,  but  is  very  soft 
^H^ly    moderately    teuaciouf}    when    first   obtained    from    the 

^^Bi'  Mottled  cast  iron  is  somewhat  lighter  m  eolonr  than  the 
^Bding,  uuil  when  broken  presents  a  peculiar  mottled  appcar- 
^HfroTU  which  it  derives  its  uaint*.  Its  structure  is  more  tipeu 
^H  that  of  the  grey  variety,  but  it  makes  excellent  raftings,  par- 
^Mrly  M-hen  the  grey  tinge  ]»Ted(miinateH,  aiul  when  of  a  lighter 
^Bi  mlvantageously  employed  for  the  manufacture  of  soft  iron, 
^Brtiits  of  being  r'cadily  turiu^d  and  filed,  and  takes  a  good  polish. 
^HL  White  cast  inm  is  liard  and  bnttle,  and  pifsents  a  ratliated 
^Bnr  frai'turc.  On  tapping,  it  Hows  sluggishly  fmm  the  fur- 
^BaiuI  tltrow»«  out  RTi  abundance  of  brilliatit  white  scintillations  ; 
^Hbo  Imrd  thnt  it  cannot  be  cut  even  by  tempered  steel ;  ^hen 
^Ht),  it  yicbU  wrought  inm  of  bad  quality,  and  is  a  sure  indica- 
^Klf  90U1C    '  L-nt  liiivirig  taken  [dace  in  the   v  >y^ 

^BirruMH-.  1  cntpJovvd  far  vonns*:  eabting«,  ,  v>t 

^KSrt  the  ci^jif  I  ruction  ofimwhiuerw 
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shower  into  the  crucible  beneath.     As  has  been  before  obserred, 
the  atmosphere  present  in  this  portion  of  the  apparatus  ia  ei- 
treiiiely  oxidising ;  and  it  ia  therefore  absolut-ely  nocestiin'  that 
the  hearth  be  so  contnict<?d  as  to  cause  tlie  melted  product?  to  full 
rapidly  tlirough  the   zone  of  oxidation.      K  the   iiiateriaJiS  un 
arriving  at  the  termination  of  the  boshes,  were  allowed  to  nrmoui 
too  long  exposed  to  the  oxidising  influence  there  present^  a  coiui* 
derable  nortion  of  the  redut'ed  metid  woidd  a^ain  be  oomrf t»tl 
into  oxide,  and,  uniting  with  the  silicates  of  the  j 
©ff  in   the  form  of  liquid   slag.     On  rt»aching  the  < 
mixture  of  metal  and  fused  silicates  arrange  thcmyelves  lu 
to  the  order  of  their  densities  :  the  iron,  from  it«  ijreatcr 
gravity,  occupies  the  lowest  position   in  the  hearth,   whde  tli* 
iiffhter  silicates  float  on  its  surfuee,  and  serve  as  a  pTotectin]\  fVoni 
all  oiiduting  luiluenceB,     The  volume  of  slag  thus  pi*o*i 
always  Ave  or  six  times  greater  than  that  of  the  iron  obtai- 
consequently  it  soon  rises  to  the  lei'cl  of  the  dam-plate,  anii 
over,  escapes  on  the  top   of  the  incluu'd  plane  to  the  gv' 
which  the  furnace  is  built.    When  the  surface  of  the^ 
becomes  pasty  from  coolinc^,  and  it  therefore  ceases  to  flow  niimi^;, 
the  hardened  scum  is  removed  by  means  of  pointed  iron  levf  n  rwt* 
ing  ou  tlie  lateral  plate  of  the  incline,  and  which,  for  the  pu 
affording  a  better  tulcnira,  is  otlen  coarsely  notchrd  like  t 
of  a  large  saw.^     During  the  time  the  slag  i> 
removed  from  the  inclined  plane,  the  c<ast  iron  i 
lating  in  the  bottom  of  the  crucible,  and,  if  not  w  i 
intervals,  would  idtimately  rise  to  the  height  of  t  _ 

escape  by  the  same  channel  which  aflbrda  egress  to  iL 
silicates.  When,  however,  the  crucible  lias  bei-ome 
with  metal,  which,  according  to  the  constructiou  of  the  furuius^ 
happens  either  once  or  twice  in  the  course  of  tweiitv-foiir  htmr^ 
the  iron  is  drawn  off  in  order  to  make  room  for  a  tVeah  aentntth 
Utiott. 

This  removal  of  the  liquid  me^  is  called  tupping,  and  in  <*ir«*rt«! 
by  piercing  with  a  long  bar  a  plug  of  clay,  with 
previous  operations,  a  hole  communicating  with  i 
^nicible  had  been  tightly  closed.     Before  pro**.  .1 

i»rkmcn  prepare  moulds  for  the  reception  of  the  li(j 
iting  in  the  sand  composing  the  floor   of  th' 
uf  parallel  trenches  connected  by  a  channel  w 
all  at  right  angles,  and  idaees  them  in  cfmirin, 
at  thr  bottom  of  the  ncurth,  by  which  ih, 

'  /fi'f.  jj  iA  ntiioN  .111*  ll»'  4«n*  M  h«iv  il. 
qn\:inlv  lu.iuliird  itiJo  Urge  h\i>cV*  \i;f  V«*uv%  wY 
f^uudiig  on  a  raiiway.— Sec  JTrunUiV^"*^* 
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The  b1a«t  is  now  shut  oiF  ftom  the  tuyere:*,  and  the  plug 

rnLctorj*  clflv  rapidly  removed :  thiu  allows  the  melted  iron  to 

into  the  channel  communicating   with  the  mould ;  here  it 

les  ibe  form  of  BemiH-yUndrical  bars  or  ^f^*^  unit^  by  one  of 

'  dtmen^oos,  called  a  «oir,  and  tn>m  which  they   are  easily 

ited  by  beinj^  broken  off  at  the  points  of  comiection,  which 

for  thin  ntaaon  purposely  made  thinner  than  the  other  parts  of 

\Vben  the  whole  ha«  been  drairni  otT^  the  air  la  again 

into  the  furnace,  and  the  smelting  operations  aa  abovtt 

]  are  repe4ited,  until,  from  the  quantity  of  metal  accu- 

a  second  tapping  beeomea  necessary. 

.ality  and  consequent  ralueof  pi^  iron  is  not  only  modified 

uc  i'jrm  and  size  of  the  furnace  from  which  it  has  been  obtained, 

also  bi  a  pjrt»at  measure  depends  on  the  nature  of  the  oire 

rhich  it  is  reduced,  as  well  as  on  the  eomposition  of  the 

liar    fuel   with     wliich    the   furnace   is    supplied.      With 

hairing  the  same  composition,  the  iron  produced  bv  the 

rment  of  charcoal  is  genemily  of  nnifonn  quality,  and  well 

>th  for  the  purposes  of  casting  and  conver»ion  into  fTmlleft>- 

;    but   when   the   smelting  is  effectcrd   by   the   tme   of 

coke,  the  nature  of  the  product  is  much  more  liable  to 

m.     The  products  resulting  from  these  different  proceMe* 

divided  into  three  distinct  claasea* 

Gretj  east  iron,  which,  in  flowing  from  the  crucible,  throwi 
lue  scintillations,  and  on  cooling  exhibits  a  finely  crvstalHoe 
Thlii  kind  congeals  verj  slowly,  and  when  ctat  uit^j  pigl 
itly  presents  smooth  concave  surfaces^  When  remelt«o» 
^tal  forms  an  excellent  material  for  castinfi*  but  is  fery  soft 
Ij   moderately   tenacioua   when  first  oStained   frmn   the 

Mottled  ea^i  iron  is  Bomewhat  lighter  in  eokmr  thiui  the 
g,  and  when  broken  preaent*  a  pef^cdiar  nx/ttUMl  ttp|>««r" 
from  whieh  it  derives  ]t^  name,     tin  »tructur«»  in  nmrt*  <if** 
that  of  the  grey  variety,  but  it  makes  eiettUaui  isuiiings,  m^ 
when  the  grey  tinge  predominflleCy  aud  «ibrn  of  a  ligPMT 
lantagccKisly  employed  for  the  maauiiietun*  of  mA  «■'•. 
of  being  i*eadily  tiurted  and  Hlvd,  and  trnket  a  f(tnni  ptiaik^ 
'hite  caM  iron  is  hard  and  brittle,  md  Htiserit*  a  nA^tm 
fraitture.     On  ta|>ping,  it  fifjws  ^n^ffMy  tr**m  iW  ft9> 
A  tlir(»Wiiout  an  uhiuidjJiK'eof  bnllinjjt  ^\:\U'  -<  inl 
rao  hnrd  th«t  it  caiinut  be  L-ut  even  by  U'v\\t*  p  ■!  *t«rf; 
it  yields  wrought  trun  nf  bad  quality^  ntA  i»  »  ••i*! 
aonio  derail gcnicrit  havini;  taken  jijbu  ♦?  til  tl***  •^■•u 
mace.      It  ia  only  emiAuyvd  for  coane  cii«tilkt(ii,  »a^^ 
o  iAp  construction  ofntachiiwry. 
4et  to  obtain  cant  iron  of  good  quttHir   iW 
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sKoiiUl  never  reach  the  maximum  amount  which  the  fuel  in  f  'f^i^'T-. 
of  ^eLlne^uJ,^  aa  without  an  exoesa  trf  carbon  the  furnace  i 
from  the  Blij^htest  accidental  circumstance,  to  produce  ^  Imv  uv^u. 
whicli  16  far  too  brittle  to  be  employed  lor  ordinarj'  purj»o8i»«. 

It  is  also  Deccsaarv  that  the  various  arrangemcuta  ot  a  funa** 
should  be  ordered  with  diatinct  reference  to  tlie  uaturc  of  t\w  hd 
with  which  it  is  to  be  supplied,  aa  the  form  of  the  appanit  : 
be  made  to  \iiry  so  as  to  suit  the  peculiar  properties*  (*f  I 
bustiblc  employed.     When  the  diameter  of  the  hearth  la  m 
charges  fmiu  above  pass  slowly  into  the  crucible  ;  and  if  ;i 
amount  of  combustible   reaches  this  part   of  the  fui^ 
will  remain  a  sufhcicnt  length  of  time  iu  the  region  of 
heatj  to  allow  of  the  complete  separation  of  the  n^ 
fusible  slug  with  which  it  is  asj«ociated.     If,  on  the  > 
fuel  is  of  a  very  combustible  nature,  such  na  charcoal  tV 
lif^hter  kindy  of  wood,  and  a  strong  blast  he  nt  the  sa; 
cjnployed,  the  greater   portion   w  consumed   before   an 
the  proper  diatance  from  the  tuyeren  •  and  as  in  thia  * 
oxidising  /.one  in  found  to  exist  high  up  at  the  boshes,  the 
inetal  will  consequently  not  remain  a  ssuthcieut  length  of  > 
contact  with  carbonising  influences,  to  abi^orb  the  (piantit 
sary  to  give  it  the  required  degree  of  fluidity,  and  a  largt 
becomes  rcoxidised  by  traversing  the  currents  of  air  ti 
by  the  tuyeres.     The  product  which  thuu  arrivet*  in  the 
consittts  of  hali-refined  ca^t  iron,  ditticult  to  fuwe,  and  (tmall 
tity,  as  the  portions  oxidised,  by  pansing  through  tli* 
the  ditferent  nozzles,  pass  off  in  tlie  resulting  nlugH,  un 
of  silicate  of  iron.   The  imperfectly  carburettcd  iron  1 1 
frequently  attaches  itself  to   the  internal  lining  of 
immediately  above  the  tuyeres,  and  theiv  becoming  t 
current  of  air  forced  into  the  furnace,  &o  interferes  w^i  i  .  two 

of  the  apparatus  as  to  make  it  necessary  to  vxtiiiguish  thi*  tirvondj 
remove  the  obstacle. 

When,  on  the  other  hand,  the  hearth   is  very  largir 
possessing  sufticient  height,  and  the  fuel  is  not  readilv   ruiuh 
ble,  or  the  blast  feeble  and  insufficii-nt,  the  tempenii  u 

iu  the  hearth  will    be   extremely   high,  hut   thu*    *■ 
becomes  cooled  below  the  point  necessary  for  the  >i 
of  th*?  furnace.     This  denciency  of  heat  in  t^-  - 
furnace  causeet  tht*  mineraU  of  which  the  eh: 
arnve  in  tht*  hearth  in  an  incouipletelyprcp;i 
have  not  then  »utficieut  time  to  actjuirethe  n 
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i^rAU  trwited,  for  in  this  ease  the  ore  is  but  slightly  affected  by 

'ous  oxide  of  carbon,  through  which  it  passes  in  its  descent 

-  the  hearth,  and  is  oonsequenilv  oiilv  reducetl  by  actual 

with  the  ettrbonaceous  matter  with  which  the  furnace  is 

^'iioiL     This  difficulty  may  be  in  a  ^reat  iiieasui*e  remedied  by 

11^  the  ores  pre\nous  to  hein*^  smelts d,  us  they  are  thereby 

dcrtMl  mure  fTiable,  and  consequently  expose  a  larijjer  isurface  to 

action  of  the  nMlueing  gases,  thau  if  pat^sed  to  the  furnace 

ly  from  the  niine. 
nwlnr  •lit- — After  a  furnace  has  been  in  action  a  <'onsiderable 
<mI,  its  internal  lining  becomes  extensively  corrotled  through 
tht*  iM'tion  o(  the  siliecoiLs  compoundj^  eoustitutiug  the  slag.  The 
parti*  mo?*t  liable  to  be  affected  by  being  thus  acted  on  are  tlie 
ii*»nh  and  boshes,  which  not  oidy  teeome  umeh  enlarged,  but  are 
^  m  une<(ually  attacked  on  the  difli;*rent  sides  as  to  materially 
their  I'orras,  and  interfere  with  tlie  functions  they  were  des- 
eed to  fnltiL  When  this  takes  place  the  working  of  the  furnace 
in  very  untuvourably  iufluenet^d,  and  it  becomes  necessary  to  motlity 
Uio  relative  proportions  of  on\  flux,  and  fuel,  with  which  it  is  sup- 
r»l>>''^  In  most  instances  it  is  found  expedient  to  increase  the 
ion  of  fuel  employed ;  but  when  the  amount  required 
^  very  considerably  augmented,  the  furnace  must  be  blown 
I  its  refractory  lining  thoroughly  repaired.  When  this  is 
dune,  the  apnaratua  is  changed  with  fuel  only,  until  the 
of  the  metal  and  slag  wbicli  it  contained  at  the  time 
tlie  addition  of  ore  and  flux  is  entirely  dni^vTi  otT;  and 
rig  it  to  Ix'come  completely  emptT^^,  it  is  left  to  cool 
i-'idcrable  period, 
of  tlie  interior  lining  is  now  removed,  and  carefully 
!,  without  in  any  way  disturbing  the  outer  coating  of 
-,  whicli  is  much  less  subject  to  injury,  and  therefore 
stands  in  need  of  repair,  A  well-constructed  bljvst  fur- 
)uld  work  from  four  to  five  years  befor«*  inquiring  the  re- 
tion  of  its  refractory  lining.  Some  of  the  Welsh  furnaces, 
rUcularly  those  in  the  neighbourhood  of  Merthyr-Tydvil, 
been  known  to  work  more  than  ten  years  without  requiring 
vrry  exteiL-jive  reimirs,  and  even  at  the  expiration  of  this  period 
litwc^r  portions  ol  the  lining  only  have  required  entire  recon- 
ion.  iM  the  supc'rior  portion  of  the  cone,  from  being  exposed  to 
lower  temperatun*,  is  still  less  affected,  and  sometimes  holds 
nearly  forty  yea  -a. 

tity  of  coke  required  to  produce  a  given  weight  of 
nds  not  oulv  on  the   rehitive  richncHs  of  the  ores 
de  employecf,  but  is   also   conhideriiVAy   m^uewc^^ 
of  thir  ganglia  with   which  the  mii\cta\  v 
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cijit<*d,  and  the  form  and  dimensions  of  the  fiimaee  in  which 
prcH-vsa  of  smelting  is  carried  on.     When  charcoal  is  th« 
u*ed,  every  part  of  metal  produced  requires,  on  an  averag«t,J 
|>arts  of  fuel  for  its  preparation.     In  Staffordshire,  from 
■1   tons   of  coal,  including   that  employed  for  roasting  the^ 
are  re<]uired  for  tlie  prmliiction  of  one  ton  of  cast  iron.     In  '" 
tlie  coal  produces  a  larger  per-centage  of  coke  than  thnt 
is  obt4une<t  in  the  above  locality,  and  caeh  ton  oi' 
there  calculated  to  require  for  its  manufacture  3  t<ins  ^  ^^ 

to  about  2-1  tons  of  coke,  in  which  form  it  is  supplied  to 
ince, 
Appll€atli»n  of  the  Hut  BUMft.— The  blast  of  cold  air  which* 
ntly  enters  ihv  funiace  hearth,  and  supplies  the  oxygen 
aarj"  to  the  combustion  of  tlie  fuel,  must  evidently  absorb  a 
of  the  heat  thus  genemted,  and  prevent  the  tem|x^niture  fronn 
rising  beyond  a  certain  limit,  as  idthough  the  intrtnluetion 
greater  volume  of  air  would  increase  the  quantity  of  oj 
pi'esent,  and  thereby  produce  a  more  rapid  combustion^  yet 
same  time  the  larger  volume  of  cold  air  thus  introduced 
absorb  more  of  the  heat  generated,  and  a  kind  of  thermo-oquOil 
is  at  length  attained.  The  beat  developed  by  the  corubi 
distributed  in  three  dilfereiit  portions  :  one  is  communicated  ttf] 
reoiaijiing  fuel ;  another  divided  between  the  nitrogen  of 
jected  air  and  the  volatile  products  of  conihustion ;  and  a 
appropriated  by  the  ore  and  Hux  present,  and  afterwards  disdi 
bv  dirtuaion  so  as  to  keep  up  a  nearly  equfd  terajierature  in  CTerr] 
ot'the  zone,  in  which  combustion  proceeds  with  ei\uii 

Tf,  then,  we  suppose  that  two  furnaces  be  in  every  n-^ 
and  i^ch  supplied  with  equal  amounts  of  the  same  fuel, 
eijual  weight  of  air,  in  a  given  time,  but  that  the  one  be 
with  hot,  and  the  other  with  cold  nir,  we  shall  at  once  see 
temperature  of  the  one  can  be  raised  much  above  thiit  of  the 
The  quantity  of  fuel  eonyunved  during  a  given  time  will  \n 
ease  be  nearly  equal,  and  constHjueutlv  the  amount  of  lieat 
ilftted  should  be  the  same  ;  but  still  the  funiaee  supplied  witl 
nir  rcquircM  leas  heat  than  the  other,  in  order  to  elevate  tl 
with  which  It  is  supplied  to  the  temperature  of  the  interior  ofj 
hiwirth,  and  may  tlieix^Jbre  be  heated  proportionally  hotter 
that  in  which  the  cold  hhist  \h  injected.  It  has  been  cah 
that  by  the  u»e  of  the  hot  blast  at  572°  Fah.,  instead  of  Gifi 
a  furnace  may  have  its  temperature  increased  about  one-ei 
and  if  we  therefore  assume  the  temperature  obtaiut*tl  by  w« 
with  cold  air  to  be  on  an  average  2700°  Fah.,  we  iind  tlial 
umv  bo  increased  to  'AOiHf  Fah.,  making  a  di^erexice  of 
fhe  I'ffl'i'tive  heat  oL 
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?fore  follows  that  many  substances  infusible  in  an  nppa- 


►WTi  with  cold  air, 


may 


readily   be  made  to  melt  when 


r  is  emploved.  The  fuel  uaed,  if  of  a  sliofhtly  inflammable 
rouid  ah>o  Vurn  more  readily,  as  from  the  higher  terapera- 
rhich  it  in  brought  into  contact  with  the  blast,  ita  nmnity 
m  will  be  materially  increased.  By  this  me-ans,  then,  we 
t»nly  enabled  to  melt  bodies  infusible  in  the  ordinary 
'  at  also  to  employ  fuel  of  an  inferior  description. 

nee  baa   moreover  shown,  that  if  a  furnace  going  well 

ordinary  cold  blast,  be  afterwards  supplied  with  heated 

ount  of  fuel  added  may  be  considerably  reduced  without 
the  proper  working  of  the  apparatus.  The  substitution 
',  instead  of  cold,  neverthelese  materially  affects  the  nature 
tions  which  take  place  in  the  different  parts  of  the 
The  amount  of  combustibles  being  dimmished,  and 

ty  of  air  supplied  from  the  tuyeres  being  in  proportion 

t  of  fiiei  used,  it  necessarily  follows  that  tne  amount 

_  through  the  furnace  is  much  le«8  in  proportion  to 

employed,  than  in  a  fumm-e  working  with  a  cold  blast. 

ihm  temperature  of  the  hearth,  notwithstanding  the 
quantity  of  fuel,  be  assumed  to  be  the  same  as  if  cold 
-employed,  it  follows  that  all  the  upper  and  middle  parts 
fpamtus  must  be  cooler  in  furnaces  where  the  hot  blast  10 
in  in  those  in  which  cold  air  only  is  injected.  The  fuel,  also, 
Bg  more  reathly  consumed  when  brought  in  contact  with 
eated  air,  requires  leas  time  to  unite  with  the  oxygen  of 
;,  and  the  extent  of  the  zone  of  maximum  temperature 
lerefore  proportionally  diminished.  These  causes  are  the 
^producing  a  great  ditference  in  the  nature  of  the  chemical 
iroduced  in  the  various  partn  of  the  furnace,  and  from  ihiii 
Ince  the  products  obtained  by  the  hot  blast  are  frmrid  to 
isiderably  irom  thone  yielded  by  the  old  process.  When 
rlaat  is  employed,  the  fuel  used  is  generally  unrokcd  c/ial. 
pors  Bun  sen  and  Play  fair  made  in  the  year  I  HI/5  an  «*bi- 
ITestigation  relative  to  the   difierent   chcujicid  changes 

the  production  of  ca«t  iron  in  a  furnace  unrkcd  by  hot 
ir  Alfreton,  in  Derbyshire,  and  to  them  wi*  are  indebted 
I  additionid  information  on  this  importa:iit  subjisct.  Hiia 
which  is  40  feet  in  height,  and  11  feet  in  width  st  its 
Mt,  is  blown  with  air  heated  to  620^  Fob-  (mr  CS)  IW 
breed  into  the  funuice  under  a  prensun*  of  0'75  ifld>e*  of 

the  diameter  of  the  nozzles  being  2 1  inchen.  Tbeort 
n  this  funiiice  is  clay  carbonate  of  iron,  and  i*  roMtei 

to  its  introduction  into  the  apparatus.    T\\«  t'uitiic*  m 
with  eighty  chnrgea,  each  consisting  of  420\b«.  oC 
bm.  of  coaL  mid  IJOlbs,  of  LimMtntie.  in  \ 


iimfliUme,  iu  tV>t 
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24S 


TBoy- 


tweaty-four  hours,  Tlie  dally  produce  of  cast  iron  is  about  6' 
Th(*  limestone  is  broken  int<j  piecea  about  the  size  uf  the 
before  being  thrown  into  the  furnace.  The  coal  and  iroii 
charged  in  large  lumpa. 

In  order  to  coUect  the  evolved  gasea,  these  chemists  empl 
an  iron  tube  of  the  kind  described  when  speiiking  of  the  fui 
of  Vickerhagen  and  Baerum  ;  but  on  attempting  to  obtain  by 
means  the  gases  from  the  zone  in  which  the  fiiaiou  of  the  ore 
eftected,  the  pipe  was  either  niut^li  aoftened,  or  entirely  int 
and  it  was  consequently  Ibund  impossible  to  obtain  corivct 
below  a  certain  depth  from  the  tliroat  of  the  apparatus, 
remedy  this  difficulty,  a  small  hole  was  bored  through  tl 
masonry,  from  tlie  iroiit  of  the  funiace  to  its  uiterrial 
This  aperture  was  so  pierced  aa  to  reach  the  hearth  just 
the  boshes,  at  a  distance  of  sijc  feet  from  the  bottom  of  the 
ble,  and  two  feet  nine  inchea  above  the  tviyeres.  The  gas 
ofl*  from  this  upening  waa  found  to  possess  a  strong  amefl 
cyanogen,  and  on  being  ignited  yielded  the  characteristic 
flame  peeidiar  to  that  body.  On  being  subjected  to  analyi 
cyanogen  jvresent  wa^  foiuid  to  anionnt  to  1'31  per  cent, 
other  results,  as  obtained  at  the  various  depths  bflow  the  top 
furnace,  are  here  given  in  a  t-abular  furni,  and  will  ei 
various  changes  produced  by  the  current  of  air  during  itet  p« 
from  the  tuveres  to  the  mouth  of  the  furnace. 


Deptli  vaadner  (he 
Top. 

I. 

8  Feet. 

n. 
11. 

14. 

IT. 

17, 

V. 

20. 

VI. 
23. 

TIL 

1 

Nitrogpn    ,     .    . 
Corbonic!  Acid     . 
Corboiiii;  Oxidt^  . 
Light  Carburet  ted 
Hydrogen  .     , 
Hydrogen  .     ,     , 
Olefiftnt  Gas  .     , 
Cyanogtm  .     ,     . 

64-77 

9-42 

20-97 

623 
6'49 
0-85 
OOO 

52-57 

9-41 

39"24 

4-&7 
9-33 
0-95 
0-00 

B095 

y  10 

19-36 

6  64 

12-42 

1-67 

ooo 

55-49 
12-43 

1977 

4-31 

7-62 
1-38 
000 

60-4« 
10-83 
19-77 

440 

4-83 
000 
000 

58'28 

819 

2997 

1-64 
4-92 

OOO 

trace. 

S675 

10-08 
29-97 

2-33 

II  ■, 
tr. 

1 

An  examination  of  these  tabulated  reanlta  shows  that  }^>y^\^  '-^'M 
buretted  hydr<*gen  must  be  considered  aa  an  essentiid  c*' 
of  the  gaseoiLs   products  of  the  apparatus,  even   at  a 
2%  feet  from  the  surfaee,  and,  consequently,  that  th<»  coki 
combustible  is  not  thoroughly  effected  even  at  that  dist:inir  ir.> 
the  top.     It  also  fuj*thor  shows  that  the  quantity  of  nitrogen 
Jeflst  considenible  in  the  gaseous  mixture  drawn  from  n 
iburtceji  feet,  whilst  at  tW  awxve  ^\!&l«»iic«  VW  ^m^xmt.  af  I 
and  c^buretted  hv^  '^*  ^^  ^^^  m*sMB»Mi,^?L^s»^3Mi^^; 
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^  to  be  the  7one  of  moat  active  diBtillntion.     On  com- 
_,   ther  Ibe  difi'erent  qiiantitiea  of  curbonic   oxide   and 
acid,  there  appears  to  be,  contrarj  to  what  was  obBerved 
the  smaller  charcoal  furnacea,  a  complete  absent-e  of  any  mutual 
idence  in  the  proportions  of  each.     In  order  to  loiderdtand 
it  18  necessary'  to  attentively  consider  the  very  diiferent  con- 
under  which  the  materiala  were  exposed  to  the  action  tif 
It  will  be  seen,  by  reference  to  the  table,  that  the  coal 
which  the  ftimace  was  supplied  is   not  entirely  deprived 
volatile  carbonaceous  products,   and   water  formed  by  its 
ition,   even  at  a  depth  of  24  feet  below  the  tunnel-hole. 
then,   it  be  admitted,  which  is  probably  not   the  case,  that 
temperature    in    this    part    of    the   arrangement   is    never 
ikr  lowered  by  the  gasification  of  the  coal  as  to  prevent  the 
luetiun  of  oxide  of  iron,  and  the  consequent  convention  of  car- 
ic   oxide  into  carbonic  acid,   still  the   ore  will   not  only  b© 
'  to  the  deoxidising  influeneea  of  the  gases  pnjduced  in  the 
but  will  also  be  subjected  tu  the  contTary  action  of  the 
evolved   from   any  portiona   of  the   coal  which  may  havo 
taped  coking  in  its  downward  past^age.     The  method  employed 
lift  ALfreton,  of  feeding  the  furnace  with  large  unbroken  masijeB  of 
ioal,  ha§,  therefore,  the  effect  of  simultaneously  subjeeting  the  ore 
to  reducing  and  oxidising  influences,  and  the  relative  amounts  of 
ttrbonic  acid,  carbonic  oxide,  and  hydrogen,  will  cousequently  be 
more  or  less  influenced  by  local  circumatanceH.   Now,  if  wefiirther 
cmisifler  the  relative  amouuta  of  carbonic  acid  and  carbonic  oxide 
gases  escaping  from  the  tunnel-hole,  it  becomes  necessary  to  look 
ftill  deeper  in  the  furnace  for  the  causes  which  eflect  the  reduction 
^the  oree.     If  this  reaction  were  at'complishcd,  and  the  carbonic 
icid  from  the  limestone  totally  expelled  before  the  arrival  of  the 
V    _      t  the  commencement  of  the  boshes,  it  follows  that  the 
J  the  gaaes  from  below  this  region  should  contain  their 
iiid  nitrogen  in  the  same  proportion   as  thtT  exist  in  the 
>hed  \n  the  blast,  and  could  not  have  absorbed  an  excess 
n.     (in  consulting,  however,  the  following  tiible,  drawn 
iunsen  and  Playfair,  to   show  the  relative  proportions  of 
oiygeu  and  nitrogen  collected  from  the  Alfreton  furnace,  at  various 
depths,  it  will  be  seen  that  thita  ia  not  the  case. 
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This  series  of  numbers  indicates  that  the'relotire  proporti 
oxygen  and  nitroffcn  contained  in  the  various  reg^tons  o 
furnace  were  very  diflerent  from  those  observed  in  tlie  (T*Tt!»i«' 
experinveutH ;  but  it  muat  be  remembered  that  it  will  be  *■' 
difficult  t^  obtain  a  fair  average  of  the  gaaes  exri»ting  in  i 
of  the  apparntus  in  wJiieh  the  dry  distillation  of  the  eoal  ta  muA 
rapidly  conducted.  This  source  of  error,  however,  disappiuu^ in 
the  lower  parts  of  the  furnace,  where  the  olefiant  gas  and  h'lghff 
hydrocarbons  are  no  longer  present,  and  the  er>nstant  n  •  ,!f* 
obtained  at  the  depth  of  24  feet  proves  that  below  this  pu 

is  a  continual  evolution  of  carbonic  acid,  either  expelled  li  

lime-stone  used  as  a  flux,  or  caused  by  the  reduction  of  oxido  ol 
iron,  or  perhaps  from  these  two  sources  united,  Keasonin*?,  h<>w- 
ever,  from  the  average  composition  of  the  gases  evolved  frotn  tk 
materials  employed  in  the  furnace,  it  is  most  probable  that  the 
excess  of  carbonic  acid  is  due  to  the  former  cause,  and  that  tii« 
process  of  reduction  takes  place  at  the  boshes  only. 

The  great  diiference  between   the  results  obtained   from  tJ» 
furnace  at  AIfi*eton,  and  those  observed  in  the  contin*  i      '  " 
will  appear  less  surjiri sing  when  we  consider  the  t< 
the  blast  in  each  case,  and  the  very  different  nature  of  tlu-  Uici  J 
iployed-     In  this  country  the  very  low  temperature  of  the  «p|^J 
>rtion»  of  the  hot-blast  furnace  arises  from  the  great  qi; 
it  abaorbed  by  the  gases  which  are  expelled  durintr  tli 
the  fuel  in  tlie  upper  parts  of  the  furnace,  and,  ■ 
the  point  of  reiliiction  will  in  some  meaaure  depend  < 
the  pieces  of  coal  with  w* hich  the  appanitus  in  supplied 
be  large,  they  will  eWdentiy  require  to  pass  through  a 
length  of  the  heated  cone  than  when  broken  into  smaller 
and,  consefinently,  all  other  things  being  equal,  the  point  of 
tion  will  be  lowest  in  the  furnace  in  which  the  largest  lum 
charged,  and  highest  in  that  in  which  the  fuel  ia  most  i 
divided, 

The  most  important  feature  of  this  investigation  is  t*  - 
the  presence  of  large  quantities  of  cyanide  of  pot 
lower  region  of  the  fumat'e.     On  introilucing  an  iron  ]   ; 
hole  alluded  to  as  being  pierced  in  the  front  of  the  m 
the  tuyeres,  large  quantities  of  this  substance  were  readily 
To  do  this,  the  iron  tubing,  in  order  to  prevent  its  I 
was   inserted  to  within  a  certain  distance  only  of  I  lie 
cavity  of  the  furnace,  and  to  its  outer  end  wa*'  ntttiehed  a 
receivers  in  which  the  various  products  wcr 
From  the  quantities  thus  obtained  frnm  a 
nas  rah'idated  that 
duJj' gcavrntcH]  in  ti 
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ci?irnment  was  withdrawn  from  the  hole,  it  was  found  to  be  inteiv 

tirniMted  with  melted  cyanide  of  potassium,  which  became 

•*cent  on  exposure  to  the  air     The  presence  of  these  large 

ties  of  i>otafi8ium  was  at  first  ascribed  to  the  limestone  used 

.^  ..  iitix ;  but,  on  carefiiUy  examining  it,  no  traces  of  any  of  the 

•ill*  of  pota»h  were  discovered. 

An  avcmtre  sample  of  the  calcined  ore  was  next  analysed,  and 
aflfofded  the  fttllowing  results: — 

Silica 2{ 


Percjxido  of  Iron 

^U     1    1  LP 

60-242 

Alumina 

.       6-5N3 

Lime          ,         ,         .         .         . 

.       3-510 

Mu^neaia  ..... 

31b8 

Potash        ..... 

.      0-743 

JIanganeae 

traces 

100041 

llie  coal  wa5  alun  found  to  be  another  source  of  potash,  and,  on 
iiuilysis,  yielded  the  following  per-centage  amounts  : — 
CarboTi  74*98 


Ilydro^cii 

,      473 

Oxygen 

.     10-01 

Nitnji^en 

,       018 

Water 

.       749 

Sili<*ates 

.       2-Gl 

Potash 

,       007 

10007 

^t>m  the  quantity  of  ironstone  consumed  bv  the  furnace  every 

twenty-four  hours  biding  38000  lbs.»  and  that  of  coal  31200  Iba.,  it 

fnl)».w-  thfit  it  receives  during  that  period  271 '48  lbs.  of  potash, 

^formed   into  cyanide  of  potassium,   would  yield 

a  Htibistance ;  but  it  would  appear,  from  the  esami- 

of  ihf  i,Mi^  tliauii  from  the  upper  part  of  the  hearth,  that 

ndc  of  the  iH»ta  h  |>rescnt  is  not  thus  converted.     From  the 

•.  1 1 1   - 1 ;  u  i  1 :  1 1 1 1 1 1 1  [  M ;  1  I  s  converted  into  cyanide  of  ammonium 

I  ,i  iivri  cliar<  o^d  at  a  red  heat,  it  might  be  supposed  that 

•^  of  cyanogen  in  the  blastfurnace  is  due  to  tne  decora- 

iramonia  produced  by  the  distillation  of  the  coal.    That 

I   be  the  case,  will,  however,  appear  quite  impossible 

■""h-r  the  temperature  of  the  part  of  the  furnace  in 

t/ince  is  generated.     The  hearth,  lit  n<\\W\\  ^o\wV 

/  ../'  c%miogeti  takes  place,  la  the  dee\>t»st  a\n\  WtW^X, 


wh. 
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part  of  the  fiirnace ;  and  it  would  be  thpi^fore  impnaAiHIi*  tht 
coal,  (in  arririn;^  in  that  region,  oould  Btill  r« ' 
aintriouia,  a^,  l)ftbre  rtwhing  it,  it  munt  have  1 
red  h<?at  for  at  least  ei^ht  lioun*,  diiiniij>  a  portioii  of  nhitUj 
it  ia  subjected  to  a  teniperalurt*  capable  of  reducing  p(di 
The  same  cliemists  have,  however,  i»bo\vn  that  cyanide  of  pol 
i»  produced  on  passing  a  current  of  nitrogen  ga^  over  a  niixt 
charcoal  and  carbonate  of  potash  i*tmngly  heated  in  an  irou 
and  it  consequently  appears  certain  that  the  cyanogen  prw 
funiLnhed  solely  by  the  direct  union  of  the  liberated  iiitrogett 
a  portion   of  the  carbon  constituting  the  fuel.     Sini^e, 
potash  will  be  reduced  at  a  high  temperature  in  the  prei 
carbon,    it   follows   that    the   fonuation  of  cyanide  oi  poi 
in  the  region  immediately  above  tbe  tuyeres  is  due  to  the 
union  of  C4irbou  with  potassium  and  the  nitrogen  of  the  air. 
presence  of  this  substance  in  the  hearth  of  tbe  furnace  «.^«niu*  | 
tail  to  elfoct  extensive  chemical  cljaugcs,  ajid  tutiueace  to  ik 
dcrable  extent  the  reducing  power  of  the  apijaratus. 

It  lias  be**n  shown  that  at  very  elevated  teuiperati 
ia  volatile;  and  if,  therefore,  it  rt^aches  the  part  of  i 
rhich  the  reduction  of  the  ore  i»  etVccted^  its  high  rvdutuig 
*rtie8  will  neceBsarily  come  into  play.     By  thin  mean?  if 
)cconie  decompoBed  into  nitrogen,  carbonic  acid,  an<i 
potasih,  of  which  the  two  former  will  pass  off  in  tht 
wiiiUt  the  latter,  not  being  volatile,  in  carried  down  by  the 
nmterials  in  the  furnace  utitii  it  reacheii  the  point  at  whii?hj 
again  transformed  into  cyanide  of  potassium.     In  this  way 
iLsily  understand  that  tlie  acx.-umulation  of  cyanide  of  pol 
IBV  ultimately  become  very  considerable,  and  capable  of  mi 
muenciug  the  action  of  tlie  apparatus.     When  the  pnipci 
ibis  ialt  has  become  increaacd  beyond  a  certain  amount,  the 
ts  probably  decomposed,  by  the  action  of  the  blast,  mto  n\\ 
and  carbonic  acid,  which  escape  in  the  gaae<»uB  foriu,  luu 
carbonate  of  potash,  the  potash  of  which  unites  with  the 
matters  present,  and  ia  carried  oil'  by  the  slag. 

It  is  evidently  very  difficult  to  Jetcrmine  the  c\ 
the  various    chemical    actions   continually   tailing 
ditierent  parts  of  an  apparatus  of  such  immense  size, 
heated,  a»  a  blant  furnm'e ;  but  it  i:*  c<-rtfiiii  that  ti 
Inri^i'  ((unntitioH  of  a  material  of  a  chut 
fv;  Tiii]*'  of*  |Kit:iHMium  cannot  fail  to  n 
\hich  are  thcii 
,  l»ly  greater  in  i 

iiir  at   the   ordinary    tomncratTire 
I  f'i'ni-rated  even  In  tVi^  c^A\\\AAft\.  Kv 
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modify  the  renrtions  before  described,  and  contribute  to 
'f  the  ores, 

.iieiilties  attending  investigations  of  this  description, 
ly  few  esperimt-uts  have  been  made  on  the  suVjeet, 
lentlj  impossible  to  assign  to  the  different  reducing 
its  prpsent  in  the  apparatas,  their  relative  amounta  of  influenue 
hp  rhanges  produced. 

ttfjpanitus  by  which  the  bhist  is  heated  to  a  proper  tem- 

^  is  QHUttUy  a  kind  of  stove,  ta  which  the  air  ib  compelled 

through  a  series  of  ca*?t  iron  pipes  before  arriving  at  the 

through  which  it  enters  the  furnace.     Fig.  113  represent* 


113, 


114. 


.^  elevation  of  a  common  form  of  this  arrangemeut,  and 

a  vertical  and  lateral  section  of  the  same  apparatus,    a  a 

f,  is  the  brick-work  of  the  furnace ;  D  a  Bection  of  one  of 

Ahon-shaped  tubes  of  which  the  general  arrangemeut  is  more 

[iieen  in  the  next  figure,  and  of  which  the  diameter  may  vary 

^"^"^  eight  iuchcH  ;  c  c  are  horizontal  pipes  of  coniiiderably 

>ter  than  those  above  deticribed,  and  to  which  the  series 

ihaped  tubes  are  co tin f vied  by  sockets  and  vtow  mw\,^ - 

\eSre-piBCf  In  \Jtub  the  heat  is  8Upp\ied»  ^ 


964 


nioiF. 


.  in  m 

be  cofl 


it  is  a  large  hot  air-chamber  aurroundliig  the  whole  of  thd 
pipes.  The  openings  situated  at  the  crown  of  the  arched  oi 
serve  the  purpose  of  flues  for  the  escape  of  the  g^aweti  i-omis 
the  fire-place,  and  which  pass  iiit«)  the  chamber,  ihl 
number  of  apertures  placed  in  the  arclies,  o  a,  ftg.  IH 
draught  is  regidated  by  a  damper  bo  plaeed  as  to  incfi 
diminish  the  areas  of  these  iii>ertures,  and  which  ia  reaiiily  I 
by  the  compound  lever^  E.  The  large  cylinder,  H,  is 
oomniuuicating  with  the  machine  by  which  the  bbfit  is  si 
and  w  of  such  a  size  aa  to  act  as  a  regulator,  and  d 
vibrations  occasioneil  by  the  oscillation  of  the  piston 
the  air  is  forced  into  the  furnace.  The  horizontal  conni 
pipe,  c,  through  which  the  cold  air  enters  the  stov^c.  \s  pn 
with  a  stop  or  diaphragm  placed  in  the  middle,  and,  in 
escape  by  the  pipe  on  the  opposite  side,  the  air  will 
to  traverse  the  syphon  pipes,  B,  which,  being  strongl 
communicates  to  the  blast  the  necessary  increase  of 
In  most  iustoncei*  each  tuyere  of  a  furnace  i? 
heating  apparatus  of  this  description  ;  each  set  of  t 
in  a  aeparate  masa  «»f  brickwork,  and  furuislked  with  a  disti 
and  dam|>er  for  the  regulation  of  the  temperature,  Alt: 
all  csLses  where  the  hot  bhist  is  employed,  the  air  is  heated 
passed  tlirougb  a  series  of  tubes,  of  which  the  temperature 
by  means  of  an  open  fire,  yet  the  form  of  the  anpa 
arrangement  of  the  various  ducts  are  subject  to  conside; 
tion.  At  the  Butterly  works,  in  Derbyshire,  the  aectio 
arched  air-tubes,  instead  of  being  a  circle,  has  the  form  of  a 
parailelognun,  haviug  its  largest  dimensions  at  riglkt  hugi 
the  horizontal  tubes.  By  this  contrivance  the  air  is  uiade  1 
over  a  larger  heated  suHace  than  can  be  readily  iibtaiued 
former  case,  and  the  tubes  are  also  supposed  to  be  le^  111 
sink  from  iheir  own  weight  when  at  a  red  heat ;  but  this  fi 
the  ditiadvantage  of  being  more  expensive  than  that  in  whid 
tubes  are  alone  employed,  although  in  some  respect*  it  pd 
pecidiar  ad\  antagc^s.  Many  of  these  heating  stoves  are  ma4 
out  any  diaphragm  in  the  liorizontal  tubes,  and  in  this  case 
duclion  iind  eduction  pipes  are  attached  to  opposite  sidra 
apparatus  :  they  are  also  connected  i^nth  the  opptisite  endl 
tubes,  c,  and,  consequently,  the  air  first  enters  one  ol 
horizontal  pipes,  and  then,  passing  througli  the  arched 
B,  escapes  to  the  noz/.le  with  which  it  is  in  comuiunica 
means  of  a  main  attache<l  to  the  end  of  the  pij>e  phujed 
other  side  of  the  nre-phc?.  The  cost  of  erecting  th 
hnuhy4  stnve.^,  otio  for  each  tuvero  of  the  furuace,  in  v 
aiderahle^  but  they  ate  ^ia^MihllitUB^  ^^^  ^  ^t^t^ 
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"^^^»>i^,  on  an  average,  annually  requires  repairs  to  the  extent 
!tU  t>f  its  original  coat. 
_*n  » virions  arrangements  of  an  ordinary'  blast  furnace,  including 
uveub  by  which  the  beating  of  the  blast  h  eftected,  and  the 
•I  for  the  removal  of  the  slags,  are  well  represented  in 
•  ce  of  this  volume,  which  also  eihibits  the  method  of 
Mitj  Hand  moulds  for  the  reception  of  tht*  bquid  nietaJ- 
al  the  blast  of  a  furnace  producing  GO  tons  of  eitst  iron 
v  to  the  re(|uired  temperature  (tiOQ^  Fah.)^  the  stoves  will 
,  eckly  consumption  of  Ironi  30  to  3f3  tona  of  coals,  or  about 
f  the  weight  of  the  metal  produced. 


KEAXIKO  BLAST  BY  WABTE  HlAT  FROM  T UNITE L- HEAD. 

the  application  of  the  hot  blast  to  iron  furnaces,  various 

[ipt»  have  at  different  times  been  made  to  emph)y  the  wante  heat 

^iih"  frniu  the  throat  of  the  apparatus  for  the  purpo&e  of  heating 

vbich  it  is  supplied.     The  importance  of  such  an  adnp- 

,   .....  be  readily  understood  when  we  consider  that  in  Scot- 

wliere  anthnicito  is  chiefly  employed,  some  of  the  largest 

■  "  M  from  150  to  200  tons  of  iron  per  week,  and  consume 

300  to  40<3  ton»  of  coals  for  its  production.     These 

live  as  blast  from  4,000  to  5,lXK3  cubic  feet  of  air  per 

onstointly  vomit  forth  immense  volumes  of  smoke  and 

ir  wiucM  pfl«H  uselessly  into  the  atmosphere.     Great  Britain 

iWj  produces  about  1.5<X),O0O  tons  of  iron;  and  if,  therefore, 

production  be  lessened  only  Is,  per  ton,  an  annual 

rj  o  would  be  eifected. 

lutJ  of  ilie  methods  formerly  employed  for  the  puqjose  of  attain- 

thi?  ffbjt'ct  cimsisted  in  ranging  a  series  of  iron  pipes  around 

:ul,  in  which  the  blast  was  heated  by  the  tlame  piissing 

louth  of  the  funiace.     In  other  instances  the  pipes 

wen?  either  coiled  around  the  interior  of  the  upper  part  of  the 

'-•'le. '.',  as  to  be  heated  by  direct  contact  with  the  ignited  material 

:  contauied,  or  were  so  enclosed  in  brickworlk  as  to  become 

!.'.  Tf  itiv,i,,igsion.     All  these  contrivanees  have,  however, 

abandoned,  as,  from  the  difbculty  attending  their 

- ,.  .  they  had  got  out  of  order,  their  use  waa  Ibund 

.^us  to  the  results  obtained. 

ill.'  -t.  <4i  objection  to  all  these  plans  for  employing  the  waste 

lort  «rim^8   from  the  circumstance  llmt,  in  e^se  of  toe  heating 

•ppsm^i       '  ''>c;   dcr.iiii^iMl,  it   U'rouicr*   iieceH>.'irv  tn  ev.tvvvW 

Mtpenl  rations  of  the  furijace  during  the  time  it.  \s  uu«.Vvt- 

pikg  npAU',   im/,  accordmg  to  several  of  the»e  p\wift,\t -v^vA^ 
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be  iropoasible  to  repair  a  leaky  joint  without  first  blowing 
the  fanittce  with  which  the   apparatus  is   connected-     The 
method  bv  which,  in  Hiia  coimlry,  advantacre  is  token  of  the 
escapiusj  frcnu  thc^   tunnel- 1 lolc,  ia   that  invented  by  Mt*  Ji 
Pahner  Build,  and  employed  by  hiin  with   the  greatest  Euccemi 
the  Tstalytera  Iron  AVorks  in  South  Wales.     Inateiid  of: 
tlie  heating  appamtua  an  integral  part  of  the  furnace^  the  01 
are  in  this  cane  so  arranged  as  to  allow  of  their  beinf^  readib 
paired  witliout  in  the  least  interfering  with  the  action  of 
rurnaces  with  which  they  are  connected.     The  stoves  are  buillj 
the  masonry  a  little  below  the  level  of  the  throats  of  the 
furnaces  which  they  are  intended  to  supply  with  hot  air.  ood 
chimney,  25  feet  higher  than  the  top  of  the  platform,  afibrds  ** 
means  of  drawbig  into  them  as  much  of  the  heated  air  and 
as  may  be  required.  These  are  carried  from  the  furnace,  a,  fig. 


116. 


na 


bv  means  of  a  scries  of  iues,  b,  placed  about  three  feet 
tde  ton,  and  conimunicating  with  the  hot  air  chamber,  c,  in 
arc  placed  the  arched  pipes,  d^  heated  by  the  gases  i 
from  the  furnace.  The  chimney,  e,  and  its  damper,/,  fts 
stated,  re^uhite  the  heat  of  the"  stove.  The  cross  pine«,  ^r, 
nect  together  the  upright  air-tubes,  */,  and  the  side  pipt?*^ 
convey  the  blast  arriving  by  the  upcast  mains,  i,  to  the  tj 
cro»8  pipes.  Tite  heated  air  is  at\erwards  conveyed  to  the  tiij 
by  the  downcast  pipes, j'  /.  A  door,  A,  is  also  placed  in  the  bri( 
work  of  the  building,  /  «,  for  the  purpose  of  cooling  the  appamtu' 
before  entering  it  to  make  any  repairs.  Fig,  116  rt^preseato  J 
liiajsjitudinal  acctitui  of  the       ^^^^^ 

With  this  arnmgemcwt  itJ^^^Bpx t re mely  eaay  to 
the  tonperaturc  to  vrbiflli^fc^^^^*^^'^'^'  '^^^^^^ 
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m  tbe  f\imace  hftTe  usually  a  temperature  of  about  1800'  Fah., 
id  it  i«  therefore  necessary  to  draw,  by  the  aid  of  the  chimney, 
ch  a  quantity  only  through  the  chamber  as  may  be  required  to 
Wt  the  air  circuJatinjc;^  in  the  tubes  to  600^.  To  do  this  the  gases 
Wild  pass  out  of  the  Btove  at  about  800^,  and  one-sixth  piu*t  of 

0  gaseous  products  issuini^  from  the  timuel-head  h  usually  found 
iffii^ent  to  produce  the  required  effect.     Should  the  tempcTature 

any  time  dill  too  low,  it  may  be  inataiitly  raised  by  alightly  ele- 
itiug  the  damper,/. 

At  the  Y«talyfera  Works  another  portion  of  the  escaping  gases 
conducted  through  proper  flues  for  the  purpose  of  heating  the 
wlers  which  supply  the  en^jjiie  of  the  blowing  machine;  and  even 
Icr  doing  thia,  a  conisiderable  amount  still  goes  off  into  the  air , 
ifthout  being  applied  to  any  useful  purpose.  The  economy  of  fu« 
Used  by  the  arrangement  juat  described  amounts  to  about  one- 
iid;  BO  that  two  tons  of  combuBtible  produce  the  same  quantity 
^eut  IPOD  ws  formerly  required  tbe  expenditure  of  three  tons  for 
Ipfepamtion.  The  actual  quantity  of  fuel  weekly  consumed  in 
^  e  to  wbich  this  modification  is  applied  m  about  100  tons : 
X  of  metal  obtained  during  tbe  same  time  varies  from  50 
( UO  tons. 

UT  OBTUITED  BT  THE  COMBUSTION  OF  THE  rSTLAMMABLE  0ASE9 
ISSULNO  FKOM  THE  TUKSEL^-ILEAU. 

It  has  been  proved  by  experiments  that  the  entire  column  of 
Ift  issuing  from  an  iron  furnace  is  capable  of  being  inflamed  even 
kw  it  is  cooled  to  the  ordinary  temperature  of  the  air.  From 
prMiilts  obtained  by  Bunsen  juid  Piayfuir,  during  their  experi- 
■Ota  on  tbe  Alfreton  funiacc,  they  came  to  the  conclusion  that 
I'W  per  cent,  of  the  heat  generated  is  contlmially  carried  ofl*  hs 
lypconsumed  gases  which  escape  from  the  chimney.  From  this 
■ild  appear  that  a  more  than  ordinar)'  proportion  of  combustible 
PCr  was  in  this  instance  carried  off  in  the  gaseous  state ;  but 

1  chemists  agree  that,  on  an  average,  the  quantity  of  heat  thus 
Ml  ia  nearly  double  the  amount  of  that  actually  developed  in  the 
llity  of  the  furnace  itself.  Several  patents  have  at  different 
^     '     n  taken  out  for  methods  by  which  the  heat  thus  lost  has 

-ht  to  be  recoYtred  and  usefully  applied,  but  the  diffi- 

'  rig  their  employment,  added  to  the  great  cheapness  of 

Lited  their  coming  into  use  in  thia  coimtrv,  although 

IiJi  thcbc  contrivances  are  still  in  operation  in  dirferent  parts 
continent,  where  the  combustibles  employed  in  the  manu- 
sre  leaa  abundant,  and  consequently  more  eipeiiiaivci  t^uosL 
- 
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in   Great   Britain.     The  usual  method  emplojed  for  coDc 
these  gases  ia  by  partially  cioainf^  the  mouth  of  the  iumace 
to  caiise  a  ©light  imix?diment  to  the  escape  of  its  gaseous  prodm-U, 
and  then  drawing  them  off  by  means  of  proper  tubes  to  tbe  *iUi»j 
ation  where  it  is  intended  they  should  be  consumed. 

In  order  to  do  this  a  cylinder  of  csiat  iron  of  a  Bmaller 
than  the  throat  of  the  ftirnaee,  and  having  a  de]>th  equal  to  M'* 
width,  is  frequently  used.     Tliis  is  suapended  by  means  of  a 
flange  within  the  tunnel-hetid,  and  as  the  moutli  of  the  fun 
constantly  kept  charged  with  mineral  and  fuel,  whilst  a  clear 
reiuiiins  between  tixe  iron  eoOar  and  the  lining  of  the  ' 
it  is  evident  that  this  spuee  must  be  filled  with  the  gased 
from  the  apparatus,  and  which  may  be  readily  conducted  by 
of  flues  or  iron  pipes  to  any  situation  where  they  may  be  reqi 
for  combustion.     In  fiirnacea  built  especially  with  a  view  to 
nomisiug  the  heat  to  be  obtained  by  the  combustion  of  the 
sumed  gase&j  the  internal  iron    lining  i^   often  replaced 
annular  flue  made  in  the  brickwork  a  few  feet  below  the  tl 
This  ia  connected  by  Bevcrnl  arched  openings  with  the  inl 
the  cone,  and  aa  the  charges  thrown  mto  the  furnace  above 
point   naturally   ort'er   a   certain  resifltance   to    the    exit 
eecaping  gases,  they  find  their  way  into  the  annular  flue 
described,  from  whence  thev  are  readily  drawn  off  in  any 
in  wliich  they  are  ret]uireJj  and  may  be  even  conducted 
distance  of  several  hundred  feet. 

From  the  quantity  of  nitrogen  contained  in  these  f^asec, 
found  necesamy  for  their  cotiibustion  that  they  should  be  8Ui 
with  an  artiticial  eunviit  of  atmo^^pheric  air,  and  also  that  this 
be  brought  in  contact  with  the  vapoura  to  be  consumed  at  % 
elevated  temperature. 

In  order  to  cool  and  purify  the  gases  drawn  from  the  carityi 
the  furnace,  they  are  usually  passed  through  water ;  and  air-| 
are  frequently  employed  to  force  them  towanis  the  point 
they  are  afterwards  to  be  usied  as  fuel.     This  gas,  when 
ignitedf  bunia  with  the  development  of  a  very  intense  ht 
much  80  as  to  rapidly  destroy  tlie  linings  of  the  furnace  in 
it  is  employed,  unless  special  means  be  adopted  to  prevent 
production  of  a  too  elevated  local  temperature.     The  heat 
obtained  has  been  applied  to  the  generation  of  steam  for  woi 
the  blowing  apparatus,  to  the  roasting  of  the  ores,  and  also 
refining  and  puddling  furnaces  ;  and  although,  from  the  cheaj 
of  fuel  in  this  countrit%  the  application  of  the  combusti)'! 
almost  ceased  to  be  a  matter  tif  speculation,  it  ia  still  ] 
if  a  careful  euuuination  were  undertaken  of  the  variou: 


in  ujiu^ 


^     -    fc,'  ■ ^ 
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i^'mg  ita  employment,  these  might  yet  be  overcome,  and  the 

retiiilta  obiatued. 

)r  the  particidars  of  the  various  plans  which  are  odopted  on 
leontinetit  to  effect  this  purpose,  1  wauhi  refer  the  reader  to 
i"Annale8  des  Afines,"  uhieh  contains  notices  of  all  the  different 
of  apparatus  which  have  been  employed  for  this  purpose. 
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metal  obtained  from  the  blast  funmce  is  ftometioies  directly 

rted  Uj  the  moulds,  ^here   it   is  to  receive  the  Inrm  under 

it  is  to  be  employed :    but  for  the  better  kind  of  castings, 

larticularly  wlieu  their  weight  m  not  very  conf<ider«ble,  the 

is  first  run  into  pi^^s,  and  afterwards  rernelted  in  n  furnace 

a  cupola,  from  which  the  fused  iron  is  subsequently  ilrawn 

o  the  moulds  prepared  for  its  reception. 

*  best  irons  for  the  jturposes  of  esistiti'*  are  those  belonging 

first  and  second  classes,  as  the  white  varieties  are  so  ex- 

Ay  brittle    as    to  render  them    unfit  for  tho   ])urpose8   of 

ider.     The  iron  best  adapted  for  castiriR  directly  from  the 

of  the  furnace  in  which  it  is  produced,  is  that  ki^own 

le   name   of  grey  iron.     This   variety  is   fine  in  the  grain, 

contaius  but  a  aaiall  proportion  of  gra|)liitous  matter,  which 

if  present,  tend  to  render  the  metal  porous,  and  materially 

from  its  Htrength.     Tlie  iron  produced  by  funiaces  heated 

wood  charcoal  isy  when  the  miivend  treated  is  tolerably  pure, 

iably    well    calculated    for   castings ;    but    where  coke  is  ein- 

jred,  various  precautions  are  necessary  to  be  observed  in  order 

obtain    satisfactory  results.     In    this   case  both  the  ore  and 

are  liable  to  contain  substances   prejudiciid  to  the  quality  of 

metal,  and  it  is  therefore  necessary  to  use  a  large  proportion 

and  to  employ  coke  prepared  from  coal  containing  but 

iron  pyrites. 

le  mould  into  which  the  melted  iron  is  poured  should  not 
in  every  respect  i-esemhle  in  form  the  object  to  be  produced, 
10  possess  sufficient  solidity  to  admit  of  tlie  litpiid  metal 
poured  into  it  without  changing  its  dimensions;  aud  it 
Id,  moreover,  be  sufficiently  porous  to  aOow  of  the  escape  of 
contained  in  its  cavities,  as  wol!  as  of  the  combustible  {^ases 
lied  by  the  action  of  the  fused  metal  on  tho  carbonaceous 
preaeut, 

moulds  usutdly  employed  by  the  iron  founder  ai-e  made  of 
k  different  kinds  of  inaterial  ;  viz.,  1,  ^reen  sand;  2,  baked 
s  tt&d  8,  loam :  but  other  substances  are  somelime^  \\aeA  t^jv 
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this  purpose  wben  tbe  abore  are  not  considered  suitable  to  III 

particular  circumstances  of  tbe  ciis©* 

n oiildlns  In  Green  Hand. — The  name  of  green  sand  is  e^vcn  b 

fouiidera  to  a  mixture  of  argillueoous  »ana  ftud  pulviTiM-d 
The  former  is  employed  in  the  state  m  which  it  is  raided  from  tb 
gravel-pit,  but  Hhould  be  fir»t  sifted  through  a  fine  wire  eicTe, 
afh?rwardd  intimatL'ly  mixed  with  about  oue-twelftb  of  its  toIuiim 
of  finely-powdered  coal,  and  then  JsUghtly  moistened  with  water 
in  order  to  enable  it  to  it'tain  the  exact  fonn  of  anv  object  yrhkl 
may  be  impressed  on  it.  When  this  mixture  fias  been  om% 
employed,  and  consequently  subjected  to  a  high  tem^  -^• 
it  bcL'omes  unfit  for  the  formation  of  fresh  moulds,  nriil 
be  used  for  lilliug  up  those  parta  of  other  moidds  wiuvu 
below  the  level  of  the  cavity  intended  for  the  reception  of 
melted  iron. 

To  mould  an  object  in  green  sandt  it  ia  necessary  to  be  pro%i 
with  an  exact  mooel  of  tbe  article  which  is  to  be  cast.     1" 
be  made  either  of  wood  or  metal^  but,  from  not  bc^in^ 
warp  or  shrink,  the  latter  is  generally  preferred,     li 
model,  or /?ff^/^r/i,  the  founder  employs  a  pe^^uliarly  c«m 
cast  iron  box,  fig.  117,  which  admits  of  being  reaiily  r^>  . 

into  two  parts.  Iji  i 
to  its  nerpeDdicuJ;i' 
c,  this  Dox,  ovjimh, 
technically  called,  in, 
of  large  dtmen»ion9,  ti^ 
quently  provided  with  * 
series  of  cross  \mx%  whki 
support  the  sand,  and  iiW 
greatly  to  the  solid  if  ■  •*  ^^'- 
mowlci.  The  twt- 
and  B,  of  the  fla«k  mn  t^ 
j^-  easily  separated  frtim  edt* 

other,    1h  '     '    ' 

together  by  the  pins  a,  and  the  correspond  iji  ^  h 
not  ouly  to  keep  the  two  hal^x^s  ahvavs  in  the  same  ri 
with  n?gard  to  each  other,  but  ufso  atford  tlie  jnt 
joining,  by  the  aid  of  suitable  keys,  the  two  portions  of  thtd  «uit 
box. 

In  order  to  obtain  the  form  of 
>hu-'es  the  part  B  of  the  Ihi^^k  on  s  i  ,    ,    ,.,- 

Hoof,  and  having  inv 
are  any,  may  be  tipprn 
^rriieaid  oran 


pliu- 
dry 


iiiJi  uecn  1 1 
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filled,  and  which  is  retained  in  its  place  by  finctiou 

ea  and  bars,  haa  been  strongly  pressed  against  a 

*,  it  will  necessarily  itself  take  the  same  form.     The 

takes  the  pattern  e,  from  which  the  castrnj^  is  to  be 

id  after  hawing  scraped  a  cavity  roughly  resembling  the 

b^  moulded  in  the  smooth  surface  of  the  sand,  the  model 

rly  an  pusfsible  imbedded  to  one-half  its  thifkuess.     The 

now  atightly  sprinkled  either  with  charcoal  duat  or  fine 

I  done  by  shaking  a  bag  of  coarse  canraa  containing  one 
substances  in  a  finely  dirided  state  over  the  top  of  the 
I  the  powder  which  is  thus  depoBited  on  the  surface  of 
il  and  sand  in  which  it  is  imbedded,  is  found  to  prevent 
lion  of  the  two  parts  of  the  mould  in  the  next  operation* 
A  of  the  box  is  aften^^ards  lifted  in  its  place,  and  is  main* 
1  ita  position  by  the  pins  a  entering  ioto  the  holes  b 
rt  B.  The  upper  frame  is  now  filled  with  sand,  which 
ud  carefully  rammed  down,  and  as  soon  as  this  is  ae- 
ed,  the  box  is  turned,  so  that  the  frame  A  ia  placed 
id  the  part  b  ia  cautiously  lifted  in  a  vertical  direction, 
two  hfdves  are  again  separated.  The  lower  half  a  will 
«in  the  pattern  just  half  imbedded  in  the  sand,  which  is 
'  found  to  tit  very  closely  around  its  sides.  As,  however, 
tintact  in  all  its  parts  is  seldom  thus  obtained,  the  moulder 
t^a  the  sand  ia  the  immediate  neighbourhood  of  the 
r  first  squeeating  water  on  it  from  a  wet  rag,  and  after- 
Bssing  it  dovrn  with  a  small  trowel.  When  this  has  been 
^  support  of  sand  prepared  in  the  first  operation  ia  de- 
md  the  fiask  and  its  contents  will  present  tne  appearance 
ied  in  the  wotjdcut.  At  this  stage  of  the  operation,  the 
*  the  box  is  again  replaced,  and  after  the  suriace  of  the 
bained  in  the  lower  half  a  has  been  again  dusted  to  prevent 
,  the  upper  part  is  filled  up  with  sand  well  rammed  in 
described. 

&t  to  make  the  model  separate  readily  from  the  aand  in 
is  Imbedded,  it  is  necessary  to  give  it  a  few  gentle  tsM 
e  hard  body,  aa,  if  this  precaution  were  neglt* cted,  tm 
ki  the  removal  of  the  pattern^  would  present  a  ragged 
oe  from  having  adhered  in  some  placea  to  the  model 
rliich  it  has  been  pressed.  To  efl'ect  this,  two  or  more 
ires  are  driven  into  the  model  before  HUing  the  upper 
';he  flask,  and  as  these  project  from  between  the  bars 
tain  distance  beyond  the  back  of  the  box^  the  pattern 
Bodily  loosened  from  the  surrounding  sand  by  tap^An^xX^ 
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projecting  ends  with  a  small  kmimer.  IrVTien  the  enclo84'd  moiU 
is  made  of  metal,  these  wires  are  screwed  into  holea  prrpan>d  tc^ 
that  purpose,  instead  of  being  driven,  as  is  the  case  wlieti  ii  «-  >tti'i 
material  is  employed.  Ai'ter  having  thus  guiirdeii  a^ 
adlic'sioti  of  the  mould  to  the  pattern,  the  wires  are  remo\  *^  ^  c^^ 
by  being  unscrewed,  or  by  being  drawn  perpendicularly  uni^H 
the  moulder  raises  the  upper  half  of  the  ilask,  taking  thf^H 
caution  to  keep  it  in  a  Htrietly  vertical  poeition.  When  thi^H 
been  done,  it  in  placed  on  the  floor  of  the  foundry  with  the  mo^H 
surface  npwai*ds,  and  after  removine  with  the  »ame  preoatl^l 
the  model  from  the  part  a,  any  sUs^ht  imperfections  m  th^H 
pression  are  carefully  repaired  by  the  use  of  a  little  moii^^l 
sand,  which  is  applied  with  iron  trowek  of  yarious  shapes^H 
dimensions.  If  the  two  parts  of  the  flask  be  now  joined  byia^B 
of  the  projecting  pins  and  their  corresponding  holes,  it  wi^^f 
dently  contain  a  cavity  exactly  correnponding  in  forjv\  ^^^^ 
object   to  be  produced  in  metal ;  but  before  the  c  '^^| 

actually  coranieoced,  it  is  necessary  to  prepare  pru;  t^H 

for  the  introduction  of  the  liquid  metal  and  the  escape  ti^H 
enclos^ed  air  as  well  as  the  vapours  generated  during  the  opcr^H 
If  but  one  aperture  were  employed  to  eftect  these  two  oU^I 
the  air  could  only  make  its  escape  through  the  same  onenii^^l 
which  the  molten  metal  is  introduced,  and  the  ciii^ting  ti^H 
consequently  be  subject  to  imperfections  Irom  portions  t]^H 
former  being  retained  in  the  mould.  The  vapours  would^H 
not  have  proper  facilities  for  escape,  and  >nolent  and  (hu)g^^| 
explosions  would  be  liable  to  ensue.  To  obviate  these  i^^| 
venienccs,  at  least  two  oriflces  are  made  in  ever  '.  j||||^H 

of  which  the  melted  metal  is  poured^  wliilst  the  '^^^^H 

evolved  Ji'om  the  sand  find  vent  tlirough  the  otlicr,  lu  <^^H 
facilitate  the  escape  of  these,  the  sand  itself  is  rendered  P<^r(iQ^| 
being  pierced  by  the  aid  uf  a  wire  with  numerous  small  noU-^H 
tending  to  within  about  an  inch  of  the  surface  of  the  mouUL^^I 

After  preparing  these  ffates^  or  openings,  and  earefi^^^^| 
ing  good  with  his  trowel  any  imperfections  arising  ^^^^H 
adhesion  of  sand  to  the  pattern,  the  founder  finelv  duits^H 
sand  or  charcoal  by  the  method  already  describej,  the  ^^| 
interior  of  the  cavity,  and  then  amootha  its  surface  ^  ith  a  po^^| 
trowel  ^H 

Tlie  two  parts  of  the  mould  are  now  joined,  and,  after  fast^^l 
the  ilask  together  with  proper  keys  through  the  ])il)^^^H 
casting  may  at  once  be  proi-eeded  with,  When  the  g|^^| 
br  cA*t  are  very  hearv,  the  fla«ks  are,  in  ^^  ■'  n  -  -♦-^^^M 
moyvd  hy  a  cro&c,  mA  it*  the  patterns  are  br  f^| 
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I  the  snnds  hy  the  joint  efforts  of  several  men,  who,  with  one 
fi,  lift  the  luudel  by  holding  iron  loops  temporarily  screwed 
I  it,  whilst  ^ith  the  other  they  tap  it  to  prevent  any  portions 
iiiid  from  becoming  attached-  When  the  form  of  a  casting  ia 
f  cx>m[)lii'ated,  it  is  sometime*  found  necessary  to  join  together 
[or  inure  Hajiks  in  order  to  obtain  the  required  mould  ;  and  in 
|p  where  the  thicknefts  of  metal  ia  small,  several  gates  art?  em- 
mi,  as  othermse  the  metal  would  become  cooled  before  reach- 
jihe  raoro  distHint  parts  of  the  moiild, 

iMldlntr  In  rnrd  or  naked  fiand. — The  mechanical  processea 
jloyed  in  the  preparation  of  moulds  in  baked  sand  are  precisely 
Bar  to  those  used  in  the  operation  above  described,  AVTien  a 
It  weight  of  metal  is  cast  into  moulds  made  of  tliis  material,  it 
bowevtT,  fouud  necessary  to  take  precautions  to  prevent  their 
Ig  destroyed  by  the  pressure  to  which  they  are  subjected,  as 
I  substance  being  less  binding  in  its  nature  than  green  sand,  is 
kao  well  miapted  for  resisting  the  preiisure  oecasioQed  by  the 
Ruction  of  the  fused  metal.  To  guard  against  this  difficulty, 
bever  imed  sand  is  employed,  the  bottoais  of  the  tlaska  are 
■rally  closed  by  iron  plates  dmdy  attached  to  the  cross  bars  by 
But  of  cJamps.  These  plates  adinit  of  being  readily  removed 
k^^fie  of  the  operation,  and  are  perforated  with  numerous 
^Hfea  for  the  escape  of  the  gaaes  evolved. 
^^B  sand  is,  in  the  majority  of  cases,  used  without  any  ad- 
^Bof  coal  dust ;  and,  atler  tlie  completion  of  the  mould,  it  is 
BS  removed  to  a  kind  of  oven,  or  drying- kilo,  where  it  remains 
i  the  moisture  is  entirely  removed,  when  the  metal  is  run  in 
ktt  the  sand  ia  still  hot  Castings  made  in  this  way  are  geue- 
I  less  liable  to  imperfections  and  air-holes  than  those  prepared 
■fiuaif  green  sand,  as,  froui  the  [)orous  nature  of  the  material, 
PplBt  nave  greater  fa(?ility  for  escaping;  and  as  the  mould  is 
Edried  before  the  introduction  of  the  metah  there  is  less  chance 
ki  becoming  chilled  than  by  the  method  above  described.  In 
Butte  manipidations  the  success  of  the  several  operations  must, 
wver,  in  a  great  roei»«ure  dej>end  on  the  skill  and  discrimi- 
Jon  of  the  moulder,  who  should  not  only  produce  in  the  sand 
iruct  countcr|)art  of  the  object  to  bo  made,  but,  Ijy  a  judicious 
tture  of  his  materials,  so  adjust  his  moulds  that  tliey  may 
n*«ui  a  cx^nsiderable  degree  of  tenacity,  and  also,  at  the  same 
b,  be  sniliciently  porous  to  wlmit  of  the  escape  of  the  gaees 
bh  are  always  generated  on  the  introduction   of  the  liquid 

iTbea  tho  object  to  be  cast  is  hollow,  the  outer  surfaces  aa» 
pined  in  saud  aa  above  described,  and  the  intenoT  v!&v\t^  ^to* 
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duced  by  suspending  in  the  proper  poaition^  bv  wircw  or 
contrlvancfcw,  an  f^xact  model  ot  the  vacancy  which  ia  required 
be  produced.  This  model,  or  rorf,  is  generally  made  either 
clay  or  loain,  and,  when  of  large  dimensions,  is  supported  bfi 
iron  centre,  and  rendered  more  tenacious  by  the  addition  of  eho| 
hay,  or  8omt>  other  eheap  filamentary  iiiateriaL 

naalillnif  in   l«f»ani. — ^M^iiilds  of  this  kind  are   made  dll 
from  drawings  of  the  objects  to  be  produced,  as,  from  the 
of  the  material  employed,  tho  use  of  patterns  becomes 
sary. 

The  moidd  ia  formed  from  a  mixture  of  clay,  water,  MDd, 
cow-hair,  which,  after  having  been  reduced  to  tte  state  of  b 
paste,  and  thoroughly  kneaded  in  a  loam-mill  or  pug-tnb,  ii^' 
the  use  of  proper  iustrumetita,  made  to  assume  the  form  reqi ' 
Tho  proportions  of  the  Tarious  ingredients  arc  changed  so  ai 
suit  the  different  purposes  to  which  the  loam  ia  to  be  applied^ 
when  a  very  light  kind  is  required  a  little  chopped  straw,  or  * 
dung,  ia  usually  added.     This  method  of  casting  is  chiefly  emj 
for  the  manufacture  of  hollow  vessels,  such  as  boilers,  suj 
and  lead  pots,  in  which  the  thickness  of  the  metal  is  very 
aiderahlo  when  compared  with  the  other  dimensions  of  the 
The  preparation  of  loam  moulds  is,  in  many  instances,  a 
eaten  operation,  as  the  workman  has  frequently  to  niodel  a 
aiderable  portion  of  his  work  \sithout  any  sort  of  guide>  erceptl 
own  correctness  of  eye,  by  which  to  regulate  his  tools. 

When,  iiowever,  tne  object  to  be  made  is  so  formed  as  to 
of  being  produced  by  the  revolution  of  a  moveable  arm  or 
as  sho^n  in  ti^s.  118  and  110,  the  work  becomes  much  siroj 


118.  119. 

a.8  the  mould  may  be  in  this  way  readUy  traced  by  th©  suifiuM 
revolution  obtained  firom  two  different  anna. 
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Id  order  to  produce  a  vesgel  of  the  fonn  shewn  in  fig.  120,  which 
?ntd  an  ordLQaiy  leiid  melting-pot,  a 
cut  iron  ring,  a  a,  6g.  118,  i>s  first  laid  in 
ly  humontal  position  on  the  floor  of  tho 
ur  huuae.  On  thi^s  the  workiimn  biiilds 
brick  dome,  6,  approaching  in 
to  the  form  of  the  internal 
of  the  object  to  be  moulded,  and  on 
thick  coating  of  prepared  loam  is  gubsequentlj  spread  by  a 
iL  WTien  thia  has  ix»en  done,  its  surface  is  again  covered  to 
thickness  of  about  an  inch  with  another  stratum  of  loam,  which, 
having  been  sifted  through  a  fine  sieve  before  mixing,  is 
finer  and  closer  in  its  texture  than  that  employed  to  cover 
brickwork  above  described.  The  board  c,  so  shaped  b&  to 
tly  repreaent  the  curve  of  the  internal  surface  of  the  pan,  is 
attached  to  the  vertical  axis  d^  wliieh  is  retained  in  its  proper 
ition  by  entering  a  bole  in  the  bar  e^  whilst  it  rests  at  <•'  in  a 
bar  of  iron  passing  tlirough  the  diameter  of  the  metallic  ring 
forms  the  foundation  of  the  brick  dome.  This  arrangement, 
ha>Tng  been  adjusted  so  that  the  rod  d  is  truly  vertical,  will, 
causing  the  arm  c  to  revolve  on  its  axis,  produce  a  surface 
involution  exactly  corresponding  to  the  internal  surface  of  the 
^  which  is  to  be  obtained. 

riis  meana,  then^  the  redundant  clay  applied  to  the  surface 
.01  ine  dome  is  scraped  off,  and  an  exact  mould  of  the  interior  of 
readily  formed.     At  this  stage  of  the  operation,  some 
coal  which  during  the  building  of  the  brieli  dome,  A,  haa 
introduced  into  tlie  carity,  h\  m  ignited  by  means  of  open- 
left  under   the  caat-iron  ring,  a  a;  which  sen-e  the  double 
pofpose  of  chimnies  for  the  escape  of  the  smoke,  and  also  of  air- 
Boles  by  which  the  fire  receives  its  draught.     The  combustion  of 
tlur  coal  must,  however,  be  conducted  very  slowly,  as  the  loam 
irould  otherwise  be  liable  to  crack,  and  render  the  mould  useless. 
The  activity  of  the  combustion  is  regulated  by  opening  or  cloaine 
|l»  draught-holes  left  imder  the  iron  ring,  whi<'h,  being  foniied 
in  land,  are  readily  so  adjusted  as  to  admit  no  more  than  the 
requinxl  amount  ot  air.     As  the  suriuce  of  the  mould  begiua  to 
dfjr,  it  is  thickly  painted  over  with  ehareojd-dust  and  clay,  so 
Bux©d  with  water  as  to  admit  of  being  readily  apphed  with  a  brush. 
'%i  is  done  to  prevent  the  adhesion  of  the  second  layer  of  loam 
Sich  is  now  to  be  applied.     As  soon  as  the  surface  has  been 
IRciently  coated  with  the  mixture  above  named,  a  second  layer 
•TO   ia  applied  over  the  whole   suri'ace  of  the   mould,  the 
•^80  being  regulated  by  that  of  the  casting  to  be  manu- 
The  board,  e,  is  now  removed  from  tbe  8piiwi\e,  d^  «r^ 
%.  JJ9,  attached  ta  it,  of  which  the  aurfaice  corw* 
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to  the  other  side  of  the  object  to  be  produced.  Bj  "giu]i|H^| 
the  spltidle^  </,  with  this  second  form  atta^'hed,  aoother  sid^^B 
revolution  is  obtained  ;  and,  as  the  excess  of  loam  will  be  tXf^t 
8ame  tirne  removed,  a  figure  is  produced  exactly  corresponding^B 
form  to  the  outer  side  of  the  object  to  be  east.  The  ^vi^^fl 
spindle,  tl,  is  now  removed^  and  the  hole  through  which  it  pu^| 
into  the  brickwork  being  left  open,  serves  as  a  chimney  lorllH 
smoke  and  gases  produced  by  the  combitBtion  of  the  coal.*  H 
As  soon  as  this  new  surface  begins  to  diy,  it  is,  like  the  for^H 
one,  thickly  painted  over  with  a  mixture  of  clay  and  pov4)l^| 
charcoal,  in  order  to  prevent  its  adherence  to  the  tlxird  codH 
which  is  now  to  be  applied.  Another  cast-iron  ring,  eimiluH 
the  one  before  de:*cribed,  but  without  any  cross  bar,  in  then  Ifl 
down  and  adjusted  to  the  former  by  the  aid  of  pin-points.  ^^M 
surface  obtained  by  the  revolution  of  the  last  model  \b  now  cov^| 
bv  hand  with  a  stratum  of  about  two  inches  of  tine  loam,  ^>4H 
aher  being  well  kneaded  together  and  smoothed  over,  is  ti^jM 
covered  with  a  dome  of  solid  masonry,  which  rests  on  the  teei^ 
iron  ring.  AHer  this  is  completed,  a  small  hole  is  made  throM 
its  centre  for  the  passage  of  the  escaping  gasea,  and  the  filial 
kept  up  until  the  whole  mass  lias  become  completely  dry,  1^| 
chains  are  adapted  to  bolt-holes  perforated  in  the  second  MUl^| 
plate,  which,  together  with  the  dome  of  masonrv  which  it  sapp^l 
18  carefully  lifted  off.  The  convex  siiriace,  which  is  now  laid  IH 
and  corresponds  to  the  outside  of  the  casting  to  be  formed,  }a^M 
account  of  the  thin  coating  of  clay  aud  charcoal,  separated  niH 
Irom  the  dome  lifted  off  on  the  second  rin^ ;  and,  as  a  siml 
Btrntum  of  the  same  substance  is  interposed  between  its  oCH 
surface  and  that  representing  the  inside  of  the  pot,  it  follows  tifl 
the  tliin  coating  corresponding  to  the  thickness  of  the  metilaj 
the  casting  may  reaildy  be  removed  without  injury  to  the  M 
surfaces  by  which  it  ie  bounded.  This  thin  coating  of  loam  i 
then  carefully  broken  away,  and,  after  stopping  the  hole  left  b^ 
the  spindle,  d,  and  repairing  any  slight  imperfections  which  toaf 
occur,  the  dome  is  again  liA-ed  in  its  place,  and  the  litpu«i  metal 
poured  in  through  an  ojK-ning  left  in  the  brickwork  for  thai 

5>urp08e.  In  this  case,  as  well  as  when  sand  is  employed,  it  M 
bund  necessary  to  leave  proper  apertures  for  the  escape  of  Ihi 
eijcloscti  air  and  gases. 

\Vben  castings  with  particularly  hardsurfaoea  are  poqi 
tftllic  moulds  are  sometimes  employed,  as  from  the  rapidity 
which  these  lose  their  heat,  the  iron  poured  into  then  is 
exteriorly  to  acquire  a  peculiar  hardness. 

•eeoDd    rnilon   of  C««t  iron. — The   iror-    »*l^^T^1M^»>rT    fn 
ipg  by  Becond  fusion.  »\iou\d  ctttvV^m  i^  v 
MrboD,  as,  from  the  - '  ^"^  ^^  '^  ^        -  ^^    - 
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ii^sr  nxidised  chiring  each  operation,  the  metal  would  otherwise 
\x*ry  difficult  to  fuse,  and  be  liable  to  obstruct  the  furnace 
11  tlie  secoiid  melting  i«  cilected. 

titdting  LiLst  iron,  a  small  blast  furnace,  culled  a  cupola,  is 
d.     These  cupolas  vary  in  size  according  to  the  quantitiea 
.1   they  are  destined  to  melt  at  one  time,   but  the  same 
^  cs  of   construction  are  in  all   caaea  invariably  observed. 
turuace  eonsista  of  an  iron  casing,  internally  lined  with  argil- 
Band,  and  is  supplied  with   uir  by  one  or  more  tuyeres 
?cted  w  ith  a  rapidly  revolvinj^  fan, 

the  older  cupohip,  the  exterior  metallic  casing  was  formed  of 

iron   slaba  bound   closely  together  by  strong  wrought  iron 

and  in  this  case  the  fiu'nace  presented  the  appearance  of  an 

tjnnl  prism  placed  perpendiculurlv  on  a  strong  foundation  of 

Lwork.     In  the  newer  furnaces,  however,  the  fortii  is  usually 

d,  aa  tlie  casing  is  now  made  of  thick  sheets  of  iron, 

ly  ujjited  by  strong  rivets  similar  to  those  employed  in  tho 

itructrion  uf  steam-boilers.     A  convenient  furnace  of  this  kind 

r«"d  in  the  annexed  woodcuts,  of  which  fig.  121  shows  a 

*u,  and  Kg.  122 

ml  i  icw.     The  mass  

brickwork,  a,  is  ele- 
.  about  two  feet  from 
floor  of  the  casting- 
and  on  the  top  of 
is   tinnly  bedded  a 
oa*t  iron  plate,  n, 
liVli     Ki  rvf'8     for    the  " 
4* the  furnace, 

'"V  .  , *  r»  c,  forming 

Ihf  btnly  of  the  cuj)ola,  is 

tJticUy  Jined  on  the  iii- 

M«le  iftiih  lire-clay,  and  is 

lurmuimted  by  a  conical 

hood,  D,  of  thinner  iron, 

^di  itt  connected  with 

In  i?^*»rnfll  chimney,  and 

otr    the     smoke 

;    from   the   appa- 

^uji    when     in    action. 

J«  hole,  B,  is  used  for 

wrbg    otf    the    fused 

"^^tjil  iTitr.   moulds  prepared  for  its  reception,   and  is  provided 

I  iron  gutter,  R%  for  tlie  purpose  of  guiding  tW  stre^ccL 

ron  in  it  proper  direction.      The  aperture,    Vn  XXi^ 


121. 


122. 
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hood  18  employed  for  the  introduction  of  the  coke  and  pifj*b 
with  which  the  cupok  is  at  regular  intervals  supphed.  The  thiTf 
openings,  g,  which  are  respectively  six  inches  in  diamot«T,  ut 
for  the  reception  of  the  tuyeres  by  which  the  blast  is  svippliod. 

The  lining  of  the  funmce  is  conducted  aa  follo\i*a : — Alter  harinp 
covered  the  l)ottom  to  the  thickness  of  six  or  eight  inches  with 
a  layer  of  argillaceous  sand,  which  is  slightly  sloped  townrds  tbt 
orifice  of  discharge,  a  wooden  cylinder  of  the  whole  length  of  tht 
cupola,  and  of  a  diameter  a  little  less  thnu  the  opening 
throat,  is  set  upright  in  the  axis  of  the  metallic  easing, 
sand,  containing  a  certain  proportion  of  argillaceous  matter,  is 
rammed  tightly  into  the  annular  cavity  which  exists  between  th^ 
wooden  cylinder  and  the  sides  of  the  furuace,  and,  when  this  il 
entirely  filled^  the  core  is  renioved,  and  the  sandy  lining  cut  ftwigr, 
80  as  to  make  the  diameter  of  the  furnace  a  little  greater  n 
bottom  than  at  the  upper  part. 

When  the  fire  is  lighted^  a  little  wood  is  placed  in  the  bo 
the  furnace,  and  ignited  by  the  aperture,  e,  which  is  left  «j)eiil 
that  purpose,  and,  when  the  coke  which  has  been  subscHjiien' 
added  has  become   sufliciently  inikraed,  the   bUst   is   grnfhtnllr 
applied,     At  this  period  the  flume  escapes  both  by  the  ti»ii 
and  also  by  the  opeuing,  e,  which,  being  lined  after  ear 
work  with  a  fresh   coating  of  argillaceous  sand,    becomes  niiucli 
consohdated  by  this  means.     At  the  expiratiou  of  about  a  qtiarter 
of  an  hour,  the  orifice,  E,  is  closed  by  a  plug  of  moist  clay,  whidl 
is  applied  by  a  wooden  rod  provided  with  an  injn  disc  at  one  of 
its  extremities,  on  which  the  luntp  of  soft  clay  is  stuck.     Wlien 
the  ftimace  is  required  to  contain  a  large  body  of  iri'-^*  ••'  '^^"■♦"' 
the  clay  stopping  would  not  be  of  itself  auflicientlT  *<• 
this  case  it  is  supported  hy  a  plat©  of  iron  lirmly  nxed  uijjiuijni  hmt 
outside  of  the  aperture. 

When  the  furnace  is  first  lighted,  the  apertures,  o,  are  all 
kept  open ;  the  blast  is  first  admitted  through  that  which  w 
nearest  the  ground,  but,  as  the  melted  metal  aceum   '  tlw 

bottom,  the  lower  holes  are  successively  cktsed,  and  tl  at 

the   close  of  the  operation,  only  admitted  tiirongh 
highest  in  the  series.     Besides  the  openings  shown  ii 
the  furnace,  the  same  cupola  has  frequently  twci 
eets  in  the  opposite  sides,  so  that  three  diftiiu-t  if  t 
often   in  the  larger  furnaces  employed  at 
tho  cupola  which  has  been  chosen  as  an  illu 
of  fusing  about  five  tons  of  metul 
of  the  body.  c.  is  9  feet,  and  its  en 
iting  of  argillaceous  sand  will  in  t 
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iniernal  diameter.     The  diatauce  of  the  first  tiijcre  hole 

the  base  of  the  cylinder  is  2  feet  G  inches,  whilst  the  others 

ced  at  a  distance  of  15  im^hes  apfirt..     The  great  height  of 

it  orifice  is  partly  for  the  purpone  of  allowing  for  the  sandy 

of  the  bottom,  and  partially,  in  order  to  admit  of  a  coii»i- 

le   accumulation    of  iused   metal  taking   place  previoua  to 

the  nozzle  of  the  blast-pipe.     The  lining  of  a  furnace  laets 

ive  to  six  weeks,  during  which  time  about  thirty  meltinga 

le, 
ten  the  argillaceous  coating  has  become  much  acted  on,  the 
is  allowed  to  cool,  and  ia  ailcrwards  relined  by  the  method 
described.  The  diameter  of  the  nozzles  varies  from  3  to 
jhes,  and  the  vanes  of  the  fan  which  supplies  the  air  make 
650  to  700  revolutions  per  minute.  When  the  apparatus  is 
lij^hted,  no  tnetal  is  thrown  into  it  until  a  considerable  accu- 
ition  of  ignited  coke  hn»  taken  place  in  the  bottom.  Coke 
id  pig  iron  are  then  ultimately  charged  in  the  proportion  of 
fcout  25  of  the  former  for  f^vm- 100  parts  uf  the  latter.  The  iron 
tUst,  before  its  introduction  into  the  fumat-'e^  be  broken  iut'O 
ees  varj'in^  from  li  Iba.  to  28  lbs.  in  weight,  and  the  first 
generally  begins  to  melt  in  about  twenty  minutes  after  it 
:n  thrown  in.  The  Bucoessive  charges  are  Bubsequently 
at  intervals  of  from  ten  to  fifteen  minutes,  but  thia  is  more 
influenced  by  the  dimensions  of  the  apparatus  and  the 
:y  of  the  metal  which  ia  being  fused.  Wlien  the  fusion  ia 
iplete,  the  clay  plug  l»  pierced  with  a  pointed  iron  bar.  The 
bnlten  metal  ia  transferred  from  the  cupola  to  tlie  moulds  bv  two 
Afferent  methods.  For  large  and  heavy  caHtiiigs,  the  moulds 
»e  often  sunk  in  the  floor  of  the  workshop,  and  commonly  placed 
dear  the  cupola,  and  it  is  therefore  usual  to  conduct  the  liquid 
foa  directly  trom  the  furnace  by  means  of  channels  formed  in 
Hid.  VVlien,  on  the  contraiy,  the  castings  are  small,  and  the 
jouids  situated  at  a  eonaiderable  distance  from  the  melted  ir^ju, 
;  b  dra'wn  into  large  ladles  of  the  form  represented  by  fig.  123, 
^hieh  are  lined  with  a  siliceous 
Ite,  and  carried  by  the  fimndera 
J  the  place  whei^-  they  luive  pre- 
irej  the  moidds  to  be  filled  with  123. 

)9ta].     During  the  intervals  which  occur  between  the  successive 
latizigB,  the  tap-hole  is  closed  by  a  plug  of  damp  clay.     When  a 
^—  cufiting  is  to  be  mad©  at  a  considerable  distance  from  the 
ig  furnace,  larger  ladles  of  the  kind  above  described  are 
ijyed,  and  these  are  lifted  and  carried  to  the  place  of  their 
'iifcion  by  means  of  cranes  or  other  machijiery  adapted  Cat 
trpose.  ^        ^ 


i 
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Every  casting  requires  considerably  more  melted  metal  ll 
neceasary  to  fill  the  mould.     Tbis  excess  goes  to  form  the 
false  seams,  &e.  which  are  removed  after  the  cooling  of  the 
and  before  the  castings  are  sent  out  of  the  fonndry.     Besidi»l 
there  is  always  an  actual  waste  of  about  6  per  cent,  of  the 
metal  employed;  ao  that,  after  dedncting  oU  these  several 
each  cwt.  of  coke  thrown  into  the  furnace  is  found  to  melt 
3  cwts.  of  ordiuarv  pig  iron. 

The  nozzles  ot  the  tnycrea  are  made  so  aa  to  admit  of 
easily  raised  or  lowered,  so  as  to  blov^'  into  the  various  hole 
the  sides  of  the  furnace,  and  for  this  purpose  they  are  coi 
with  the  air-pipe  either  hy  Ipathem  ho*e,  or,  what  is  a  nmch 
arrangement,  by  telescope  joiutn.     The  main  is  also  provided 
a  »lidnig  damper  or  throttk'-valre  which  is  placed  in  some 
veuicnt  position  m  the  neighbourhood  of  the  tuyeres,  and  by 
the  founder  is  enabled  to  intercept  the  blast  at  any  given  m< 
without  stopping  the  ventilator  by  which   it  is  produced, 
drive  a  revolving  fan  of  the  dimensions  proper  for  funiishi 
necessary  supply  of  air  for  such  a  furnace  aa  that  which  hm 
descrilw^,  a  power  about  equal  to  the  force  of  three  horses 
required. 

MAIfUFACTURE  OF  WROFOnT  TROHf, 


In  order  to  transform  cast  iron  into  wrought,  it  is  n 
separate  from  it  the  cai'bon  and  sdiciiim  with  which  it  is  ooml 
To  effect  this  object,  the  metal  is  exposed  for  a  considerable 
to  the  action  of  oiidising  influences,  by  which  the  car 
converted  iuto  carbonic  acid,  which  escapes  in  the  gasco\»8  foi 
whilst  the  resulting  siUca  unites  with  oxide  of  iron,  giriug  riiO 
to  the  formation  of  vitreous  slags-  Cast  iron  also  frequently  cod* 
tains  small  portions  of  sulphur  and  phosphorus,  which  n^jtiirctrt 
be  carefully  removed  during  the  process  uf  refining,  aa  \ 
sence  in  the  wrought  iron  produced  would  materially  . 
properties,  and,  if  occurriJig  in  large  quantities,  render  it  eutire^f 
useless.  The  separation  of  these  suWances  from  cast  iron  ii^ 
however,  attended  with  very  great  difiiculty,  and  it  is  therefoi* 
advisable  to  avoid  as  far  as  possible  their  oecujTence  in  iba 
rough  metal.  When  the  presence  of  Bulphur  is  due  to  the  nattirt 
of  tive  mineral  treated,  it  is  readily  removed  by  a  can^ful  roasting 
previous  to  the  introduction  of  the  ore  into  the  furnace.  But  if,  00 
the  contrarj',  the  sulphur  be  derived  from  the  fuel,  aa  is  freq 
the  case  wlien  coke  made  frt)m  ooal  containing  iron  pjTites 
ployed,  it  becomea  necessai^  to  charge  into  the  ftimaci? 
quantitiea  of  c;vrbonate  ol  Ume,  tkVwiXx  ^^ftX^tuCvaiei  SX\^  <iV,   * 
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lis  impuritr  in  the  alaga  in  the  fomi  of  sulphuret  of  calcium* 
meanB  are  also  employed  for  the  removal  of  phoaphorus, 
tetice  of  which  is  even  more  prejudieid  to  the  mauufjicturcd 
than  an  equivalent  amount  of  aulphur.  When  area  contain 
considerable  quantity  of  either  of  these  8ubi*tanees,  it  is  found 
to  obtain  from  them  iron  of  ^ood  qnulity. 
len  a  famatre  only  auppliea  iron  destined  for  eonversion  into 
ible  metal,  it  is  usually  worked  in  such  a  way  as  to  yield 
iron  of  the  white  variety,  which,  from  the  small  amount  of 
Don  wliich  it  contains,  is  peculiarly  adapted  for  this  purpoRe. 
obtain  this  result,  the  weight  of  miuenil  charged  should  be 
in  proportion  to  the  quantity  of  fuel  u^k'd,  and  the  bkst 
ires  to  be  forced  into  the  hearth  at  a  high  pressure,  ao  aa 
jtermine  the  rapid  deseent  of  the  ore.  It  is,  tiowever,  neeea- 
that  the  mineTals  thus  treated  be  of  good  quality^  und  tolera- 
'free  from  impurities*,  as  otherwise  an  inferior  kind  of  cast  iron, 
unfit  to  be  manufactured  int^  bars,  will  be  obtained. 
len  cast  iron  is  strongly  heated  in  contact  with  air,  its  aur- 
Qon  becomes  covered  viith  a  layer  of  oxide.  By  degrees  this 
again  reacts  on  the  interior  portions  of  the  mass :  the 
m  whieh  it  contains  reduces  the  oxide  first  formed,  metallic 
boa  is  produced,  and  cjirbonic  oxide  ^  is  evolved.  A  similar 
|Mhiction  is  also  eftected  by  the  silicmm  preaeut,  whieh  is  thus 
^Hferted  into  silicie  acid,  and,  by  combining  with  a  port  ion  of  un- 
Rdaced  oxide,  gives  rise  to  the  fbmmtion  of  a  fusible  silicate  of 
l»on  The  composition  of  this  Hilicate  varies  according  to  the 
amounts  of  oxide  of  iron  and  silicic  acid  present,  but 
assumes  the  formula  3  FeO,  SiO^,  wliich  appears  to  be  the 
Uiimt  stable  of  the  compounds  produced.  \i\  in  fact,  a  more  basic 
Plicate  than  thi^,  such  as  6  FeO,  SiOj,  for  instance,  be  heated  in 
Kftact  with  cast  iron,  a  portion  of  the  oxide  becomes  reduced  at 
HI  expense  of  the  carbon  contained  in  the  crude  metal,  and  the 
i^  is  io  a  short  time  reduced  to  the  formula  given  above.  At 
fh  tenjpenitures  a  portion  of  the  oxide  of  iron  present  even 
having  this  composition  becomes  reduced ;  but,  a^  in 
the  heat  employed  is  seldom  suffieient  to  produce  tliia 
effect,  the  usual  composition  may  be  assumed  to  closely  corre- 
I^MEid  to  that  above  stated. 

^f&  these  reactions,  theuj  is  founded  the  conversion  of  cast  iron 

HK  wrought.     The  b*on  first  becomes  oxidised :  one  portion  of 

tJus  oxide  is  again  reduced  by  the  carbon,  and  another  combines 

1  the  silicic  acid  formed.     These  successive  reactions  go  on 

kthe  whole  mass  is  converted  into  malleable  iron  and  fusible 
"he  spongy  metal  h  afterwards  consolidated,  andtkc  ailie-i^^ 
d  if  means  shortly  to  he  described.    T\ie  a\Eca  ol  \k€* 
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slag  is  not,  however,  entirely  derived  from  fche  sillciiiin  ooni 
the  original  pigs  of  iron,  as  a  large  portion  ia  due  to  the 
which  adheres  to  their  surfaces,  and  is  derived  from  the  moi 
which  they  were  cast.     A  sourt'e  of  this  substance  mav  al 
traced  to  the  ashes  of  the  coiiibuatible  by  the  aid  of  wtiich 
refLning  is  effected,  and  which  frequently  contain  a  large 
cent  age  of  siliceous  matter. 

Two  different  methods  of  conducting  the  refining  of  cast  b 
are  extensively  employed :  the  first,  or  German  method,  is  chifl 
confined  to  the  Hartx,  and  is  carried  on  by  the  aid  of  el 
only;  whilst  for  the  second,  or  English  process,  pit  coal  iseii 
aively  employed. 

REFINTI^a  BT  THE  GEEMAIT  FOSGE, 

Thia  operation  is  carried  on  in  a  small  furaace,  of  which  fig^ 
represents  a  vertical  section,  and  lig.  125  the  ground  plan.  Thei 
drangular  hearth,  ii,  is  formed  of  thick  cast-iron  plates,  which,  I 
protection  against  the  corrosive  action  of  the  slagSj  are  suhsequi 
coated  with  a  lining  of  tire-clay.      The  depth  of  this  crucil 
about  10  inches,  and  its  width  Irom  2  feet  to  2  feet  4  inches.' 


u  J 


124. 


The  blast  is  conveyed  into  the  hearth  by  the  tuyere,  /, 
projects  about  4  iixcWs  in-to  '\\  oo^Ha  *o  mcJosifcl  t.Wt  Us 


a 


ect  tlie  opposite  face  of  the  crucible,  on  the  line  of  ita  junc- 
rith  the  pUte  forming  the  bottom  of  the  arrani^ement. 
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e  tuyeres  are  composed  either  of  sheet  copper  nr  baked  clay, 
re  of  the  form  repreacnted  in  fis;.  12G. 
E!(»eare  placed  the  iir>zzlesofthewoodi'n 
r«,  B  b',  set  in  motion  bv  a  water- 
and  BO  arranged  as  to  anord  a  con- 
Vtream  of  air.  126. 

moTeable  lids  of  these  are  raiued  by  cams,  e,  pluced  on  the 
A.\  of  the  water-wheel,  and  the  too  rapid  tall  ofthe  vibrating 
ta  is  checked  by  their  being  attached  to  tlie  lovers,  e,  ^, 
pd  with  boxes,  w  w\  into  which  are  phiced  weights  tor  the 
of  re<julating  the  rapidity  of  the  doacent.  The  cams,  e, 
disposed  around  the  axlo  of  the  wheel,  that  the  trioveable 
one  bellows  bei^ins  to  he  niined  at  the  aame  tnometit  as 
the  other  is  beiiiR  released,  and  in  thra  way  a  continuous 
of  air  is  constantly  kept  up  in  the  furnace. 
ront  of  the  tirc-plnce  is  a  ca^st  iron  plate,  raised  on  one 
tbe  level  of  the  crucible  mouth,  and  on  the  other  inclined 
of  the  refinery  floor.  An  apertui*e,  called  the  chio  or 
i/e,  parses  through  the  iside  of  the  furnace,  and  enters  the 
at  the  bottom  of  the  crucible:  by  this  apertnre  the  fusible 
«  occasionally  run  off.  Over  the  furnace  is  placed  a  hood, 
\  is  made  of  brickwork,  and  being  provided  with  achininev, 
to  carrv  olf  the  smoke  and  gases  evolved  durinn;  the  process 
dnjy.  ^Fo  the  aides  of  this  hood  are  attached  plates  of  shet^t 
r  the  [lurpoBc  of  screening  the  workmen  from  the  intense 
vhich  they  would  otherwise  be  exposed. 
tder  to  undertitaiul  the  working  of  this  funnier,  let  us  8ot>* 
"it  an  operation  has  just  been  terminated,  and  that  the  hearth 
tains  a  coDHJdcnible  quantity  of  incandescent  charcoal. 
"  man  bcgiTis  by  filling  up  the  crucible  witU  fv^%^\'v3yA 
ua}}v  JuJintta  the  blast. 
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In  the  older  forges  the  supply  of  air  is  rce:ulated  hj 
the  supply  of  water  on  the  wheel  by  which  the  beliowe  d 
motion,   but  in    those   of    more    recent    construction 
cyHnders  are  employed,  and  in  this  case  the  blaat  is  turw 
a  pi*tiper  vnh  e  aituated  near  the  tityeres. 

The  iron  to  be  refined  is  caat  either  into  pigs  of  6  or 
length,  or  into  tiniall  bars  or  thin  plates.  In  the  first 
bar  is  placed  on  two  iron  roDers,  and  its  extremity  id 
into  the  middle  of  the  hearth  at  a  height  of  from  6  to 
above  the  bottom  of  the  crucible.  When,  on  the  conti 
metal  to  be  refined  has  been  east  into  smaller  nuieses, 
piled  to  the  amount  of  frnm  2  to  3  ewt.  immediately  a1 
charcoal  with  which  the  cavity  nf  the  furnace  is  filled. 

After  a  slmrt  time  the  metal  begins  to  melt,  and  passing 
the  current  of  air  issuing  from  tlie  tuyeres,  falls  to  the  & 
the  hearth,     This  period  of  fusion  oroinarily  laats  from 
four  hours,  and  dimng  that  time  advantage  la  taken  of  th 
heat  developed  to  weld  together,  and  form  into  bars,  i 
refined   during  the   preceding  openition,     The  dropa  ' 
iron,    in    passing  at  a  high  temperature  througb  the 
nished  by  the  tuyeres,  become  partially  oxidised,  juid 
sequent  reaction  of  the  basic  silicate  of  iron  formed,  a  coni 
portion  of  their  carbon  is  conaumed. 

On  arriving  at  the  bottom  of  tlie  hciirth,  tlie  iron  tbul 
has  become  to  a  certain  extent  decarburetted,  and  furmi 
mass  beneath  the  layer  of  fuel  through  which  it  has 
The  slag  whieh  gradually  accumulates  in  the  furnace  is  ft\ 
to  time  run  off  through  the  tapping  hole  before  refe?Ted 
Llieiug  at  tlie  same  time  taken  to  retain  a  sulficicnt  qud 
tftlUTV  on  the  process  of  decarburisation. 

Tlie  oxidation  of  the  iron  is  also  partially  promoted  by 
the  melting  mass  immediately  before  the  current  of  air  tl 
by  the  tuyeres.  The  slag  run  oH'  is  preserved  for  ussn 
Bucciteding  openitioo. 

When  the  piirtially  refmed  hupe  or  bloom  has  becoi 
ciently  resistant,  the  workman,  bv  the  aid  of  a  long  bar 
roDs  it  up  in  the  form  of  a  large  ball,  and  then  raises  it 
top  of  the  fuel,  which  lie  now  thrusts  down  into  the  b( 
the  furnace.  Fresh  charcoal  is  at  the  same  time  addedi 
pressure  of  the  blast  so  increased  that  the  mass  is  again  4 
to  strongly  oitdising  iuJluenpes,  and  a  second  time  fl 
liquid  state  on  the  bottom  of  th^  hcailh,  where,  from  Im' 
ioat  a  considerable  portion  of  its  c4irbon»  it  isoon  tbrms 
spoug}'  nuisse*.  The  detached  fragihcnts  are  now  coll 
a  lOiio-'  iron  bar,  and  united  m  oiwi  u^A!BA*    ^SJcv»;>A&.  lax^ 
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Hpr  to  be  imperfeetl?  refiB^,  tf^ev  are  ttgain  brought  in  m 
Irtinn  to  be  dirtTtly  acted  on  I  -t. 

Wliin  the  uia«s  has  becoaic  W  refined,  it  ta  roQed 

o  a  brge  biill,  and  removed  tVum  the  fumaoe  by  itrong 
<fr»,  hy  which  it  h  first    beaten   to  reTnove  a  eertAtn  portii 
the  huhfriii^  ^1^^.  ^fJ"^  eub^ct]  ed  to  the  action  of 

h('nv\  lirimiiKT,    by  whii.'b  t]i'  _,_      _  _.ier  is   consolidated 

'  d   togethtT,   wliil^t   the   [la^tv  eiliceous  fiUg   ie  at  iH© 
cvpres^ed  from  lU  pores.     During  thb  operation  the 
-  rlea^ned  out,  and  the  larger  proportion  of  tl^  alag  which 
unii^iui^  drawn  off;  but  a  certain  quantity  of  this  vubiiance  19 
lerthplefls  retained  in  the  furnace  t-o  aatfist  in  the  decarborixa- 
H  of  the  succeeding  charge  of  cast  iron.     Before  again  prooef^U 
to  charge,  it  is  frequentlj  found  neeeaearT  to  cool  the  hearth 
introduction  of  wator  through  the  ijnon  tube,  q, 
slaff  thus  removed  is   not,  however,  thrown  awaj,  but, 
er  with  the  scale  pr»>dufed  during  the  haimnenng  of  the 
i«  preserved  to  be  employed  in  the  neit  operation  dunng 
t  umelting  of  the  pig  iron, 
being  removed  from  the  hearth,  the  loupe  is  transportod 
of  heavjr  tonga  to  an  anril,  on  which  it  receifes  the 
blowa  ot  a  heavj  hammer,  fig.  127,  set  in  motion  by  a 


xwbeel,  hr  which  treatment  the   slag  becomes  completely 
and  the  iron  consolidated  into  the  form  of  a  lengthened 

hammer  head,  n,  commonly  weighfl'irom  800  to  1200  lbs., 
is  aometijues  made  of  cast  iron,  although  wrought  iron  i» 
jntly  employed,  and  in  thla  caee  the  hammer  h  provided  with 
ot 'hardened  ftteel. 

anvd.  A,  jji  in  most  instancea  composed  of  cast  iron^  wliich, 

H  greater  t»oliditj%  rosta  on  a  lieavy  mass  of  the  wame 

lopported  by  a  lirge  wooden  pile,  b,  firmly  fixed  m  \^ 
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reftnery  floor.  The  wooden  beam,  h,  which  carriea  the  h« 
^  ^  strengthened  by  strong  bands  of  iron»  ij 
^jp^>)A  supported  by  a  strong  csL»t  iron  ring,  a,  fig.l 
"^M^'^^J  vided  with  trunnions,  6,  on  which  it  turns  t 
128  ^  head  of  the  hammer  is  raised.  These  Iruni 
supported  by  iron  beariii«:a  tixed  in  the  wooden  supports, 
to  the  hammer-beam,  and  at  a  short  distanrt?  from  it,  \a 
a  horizontal  axle,  b,  moved  by  a  water-wheel,  and  provi 
A  aeries  of  cami*,  t,  which,  by  coming  in  contact  with  an  in 
situated  at  about  one-third  part  of  the  distance  from  the 
the  trunnion,  forming  the  centre  of  suspension,  first  lift  the 
IB  the  air,  and  then  allow  it  to  fall  with  its  whole  weigh! 
anvil,  A,  which  is  beneath  it.  To  accelerate  the  fall  of  th^ 
when  lifted  to  its  full  height,  it  ia  made  to  come  in  cool 
a  long  piece  of  elastic  wood,  which  acts  as  a  spring, 
causing  the  rapid  descent  of  the  hammer,  prevents  ti 
beam  from  comin<g  in  contact  with  the  cam  which  is  ne; 
series.  The  extreme  range  ot  the  hammer,  or  the  height 
it  is  raised  from  the  anvil  at  each  blow,  varies  from 
2  feet  6  inches. 

AVhen  the  working  of  a  piece  of  iron  has  been  compi 
liammer  is  propped  up  ta  the  full  height  of  its  rise  by  I 
support,  which  is  removed  as  soon  as  the  succeeding  loup 
means  of  proper  tonga,  been  placed  on  the  anvil, 
the  water-whet?l  is  made  to  revolve  very  slowly,  aii^ 
quently  a  considerable  intervzd  occurs  between  each  bid 
hammer;  but  by  degrees  a  more  plentiful  supply  of  j 
admitted,  and  the  hammer  soon  attains  its  m&ximum  snei 
is  continued  to  the  end  of  the  operation.  Whilst  theii 
being  worked  on  the  anvil,  it  is  so  turned  by  the  worU 
all  its  sides  may  successively  become  exposed  to  the  bai^ 
by  this  means  the  slag  is  rapidly  expelled  from  the  spoii 
which  is  speedily  formed  into  m\  elongated  prism,  of  % 
various  parts  have  become  firmly  welded  together.  Thi| 
subdirided,  by  a  cutter,  into  three  or  four  tVagmenta  i 
which  are  phu'ed  above  the  loupe  formed  in  the  next  ( 
and  when  i^ufficiently  heated  are  drawn  into  bars,  undl 
mer  especially  adapte«i  for  that  purjwyse.  The  mn«s  i 
by  means  of  a  kind  of  knife,  placed  on  it  whilst  under 
hammer,  and  which  in  its  fall  strikes  the  back  of  the  cut 
is  thus  made  to  divide  the  iron. 

The  hammer  used  for  drawing  the  lopina  into  bars  ii 
instances  much  lighter,  and  makes  a  greater  number  of! 
given  time,  than  that  <3m^lo>fvjd  fot  ex^retiaing  the  sltg 
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firet  comes  fknn  the  rt»linerT.  This  haoimer,  which 
I  lift  than  the  one  just  dest'Hbed,  us  represented  in 
130,    In  this  case,  instead  of  being  raii»ed  directly  by 

motion  is  eommimicated  on  the  other  side  of  the 
j|)ensioD;  the 
hb,  as  in  the 
r,  being  turned 
leeL  Fig.  129 
ront  elevation, 
pro&le  se^'tion 
ner.  a  repre- 
?  of  the  water- 
bich  are  fixed 
Jiese  are  fitted 
DO  ring,  which 
ed  on  the  shaft 
Of  made  of 

i,  carries  the 
md  is  received 

iron  ring,  c, 
►Wded  with  trunnions,  working  in  bearines  wedged 

perpendicular  piles,  d  d\  and  the  erosa^Wa,  k  b', 
ongly  bolted  together. 


129. 
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iremitj  of  the  beam  opposite  to  that  which  carries 
is  placed  an  iron  plate,  />,  \^  hich  is  timdy  secured  by 
P  band  d :  against  tiiis  jjlate  the  cams,  which  are 
?  direction  of  the  arrow,  are  sueeessivfly  brttught  to 
their  pressure  raise  the  hummer  fiied  on  the  other 
Doden  beam,  which  again  falls  as  soon  as  the  cam  in 
the  plate  p  has  so  far  depressed  the  end  of  thv  lever 
Bf  its  passing  roimd  without  further  \iv 
KZo  this  cage  placed  under  the  tail  o^  v..^ 
m^*-'"  - '^re  the  head.     The  fk^en  of  t\xo  W 
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F,  and  of  the  ariTil,  o,  are  inclined  at  a  certain  angle  with 
floor ;  the  guide,  i^  serves  to  steady  long  iron  ban  nhen  wc 
under  the  hammer. 

The  weight  of  each  loupe  is  in  most  inetancoe  about  2  cwts^ 
100  Iba.   of  cast    iron  produce  on    an    average    84  Ibf.  of 
For  every  100  Iba,  of  wrought  mm  obtained,  150  lbs.  of 
are  employed.     The  hello wh  are  stopped  as  soon  as  the  i 
ready  to  be  placed  under  the  hammer,  and  the  whole  oj 
occupies  Jib  out  live  houra. 

The  iron  obtained  by  this  method  is,  unless  the  crude  tni 
extremely  impure,  of  eiceUent  cjuolity,  and  ^ood  iron  may, 
in  this  case,  be  obtained,  although  at  a  considerable  woate  of  I 
and  loss  of  metal.     Kefineries  oi'  this  description  have  oceasic 
been   supplied  with  heated  iiir  lusteud  of  the  ordinary'  cold 
but  this  ha  vine:  been  proved  to  lie  of  no  value,  except  during 
first  fusion  of  the  pigs,  and  also  to  cause  great  irregularity  in  I 
working  of  the  fnruace,  it  has  now  been  universally  discontint 
Attempts  have  been  made  to  replace  the  employment  of  cl 
by  the  use  of  coke,  but  the  iron  produced   oy  this  means  it 
much  inferior  to  that  prepared  with  the  usual  fuel,  as  to  r 
than  compensate  for  the  advantages  derived  by  the  substiti 
of  the  cheajjcr  combustible. 

The  process  above  described  is  called  by  the  Germans 
Jrischen,  or  lump  refining,  and  differs  from  the  fiurcl 
*  uchtn^  becausse  in  the  latter  the  loupe,  instead  of  being  rut 

^etlier  in  one  moss  on  the  hearth  of  the  furnace,  is  then 
rated  into  several  lopius,  which  are  successively  worked  under' 
hammer. 

The  French  call  the  first  process  the  affinage  au  peiii/oyer, 
the  second,  a^noffe  par  portions. 


El^ailSH  METHOD  OF  BEFUmfG, 


In  this  and  other  countries  where  the  scarcity  of  wood 
the  employment  of  charcoal  extremely  expensive,  the  com 
of  cast  iron  into  malleable  metal  is  entirely  effected  by  the  Uf0' 
pit  coal  or  cxjke. 

This  transformation  is  produced  by  two  consecutive  oj 
carried  on  in  separate  furnaces,     lu  the  first  process  the  mi 
melted  in  an   apparatus   in  some   respects   resemblinc  tbe^ 
German  refinery,  as  the  hquid  metal,  atler  passin 
blast  of  numerous  tuyeres,   accuuudates  in  the  h' 
crucible,  from  whence^  instead  of  ■  itwed  to  r 

has  assumed  a  pastv  coMaiWy  ^  ^^^  ^'^'^^ 

jirepared  for  that  f utt^'—  '^^^  "^ \Vfe V?i^v  ^vwvc  ^.^^ 
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jjT  this  treatraent  the  metal  loses  a  considenible  portion  of  its 
BU^bon,  and  nearly  the  whole  of  its  silicium,  and  ia  thereby  rendered 
ttreinely  hanl  and  brittle,  its  j*urface  being  nsually  covered  with 
iiinetx:>ii9  »inaU  blisters,  like  those  obaer?ed  in  some  varieties  of 
leeL,  to  which  its  composition  is  made  in  some  decree  to  approach, 
iron  in  this  state  is  kno^i-n  by  the  name  of  fine  metai^  and  is 
iw  tramiferred  to  another  furnace,  in  which  its  decarburisatiou 
completed.  The  apparatus  in  which  this  process  is  carried  on 
nai^t^  of  a  reverberatory  furnace,  in  which,  aftt^r  being  aj^ain 
it  is  subjected  at  a  very  high  temperature  to  a  cmTciit  of 
^eric  air^  by  which  its  surface  is  partially  oxidised,  and  its 
d  carbon  eliminated  in  the  form  of  carbonic  acid  gas. 
thij*  operation  a  portion  of  the  oxide  formed  combines 
'  !<!lica  resulting  from  the  oxidation  of  the  i*mall  quantity 
T  ill  remaining  in  the  fine  metal,  and  forms  u  basic  slag, 
>  on  the  carbon  contained  in  the  metal. 
Mjwever,  the  quantity  thus  produced  is  very  inconsiderable, 
nal  to  throw  into  the  furnace  a  certain  amount  of  rich 
Stained  during  other  stages  of  the  manufacture.  The 
r  iron  contained  in  these  scoria?  now  reacts  on  the  carbon 
tained  by  the  metal,  whieh,  from  the  escape  of  carbonic 
is»  hhortiy  appears  to  boil ;  and  this,  on  reachmg  the  surface, 
A  ith  a  pale  blue  tlame,  and  is  thua  converted  into  cai'bonic 
j'j. 

Wlien  the  metal  is  judged  to  be  sufficiently  refined^  the  w^ork* 

s  it  together  in  the  form  of  large  balls,  similar  to  the 

le  German  forge,  and  exposes  them  successively  to  the 

thmi  ol  a  heavy  hammer,  by  w  hioh  the  vitrt^ous  slag  is  expelled, 

the  epougv  metal  compressed  into  a   compact   form.     The 

litatinn  bv  which  the  last  portions  of  carbon  are  extracted  from 

M*  metal,  la  called  puddlinr/,  and  the  puddled   iron,  after  being 

pRjpcrly  compressed  by  the  heavy  hamtner  above  mentioned,   is 

heated,  mid  then  passed  through  a   series  of  rollers,  by 

It  is  formed  into  bars  of  greater  or  less  length  and  diameter. 

fine  metal  of  the  English  process  very  nearly  corresponds  tO 

iron  of  the  petit  fotjer  after  it  has  undergone  the  first  fusion, 

puddled  balls,  when  collected  on  the  luroace  bottom, 

mA  to  the  rounded  loupe  when  ready  for  carrying  to  the 

rhc  nrflncrf. — The  English  fining  furnace,  or  reflnerj',  ia  com* 
n  mass  of  brick-work  about  9  feet  square,  which  is 
above  the  level  of  the  floor,  and  placed  either  in 
open  air, 

•  onsisis  of  an  irregularly-formed  VveaTt\\ ,  K,  ^^%.^S\ 
tiiil  l^:^  iV  ^^'ei^  ^  width,  md  3k  feet  in  leiigt\i,  co\i\\jcjwi^  ollci^Mt 


IBOlf, 


cast  iron  troughs,  b,  through  which  a  current  of  cold  W4tet 
constantly  passed  to  prevent  their  fusion  by  the  heat  devL-tLniw!! 
the  tumace.  The  bottom  of  the  crucible  in  furmed  eithrr 
stone  or  argillaceous  sand,  and  is  slightly  inclined  in  the  u^ . 
of  the  tappmg-hole,  h. 


131. 

The  air  is  supplied  by  the  blowing  cylinders  which  supply  tlnj 
bUst  furnace,  and  enters  the  hearth  through  the  six  tuvcrv*,/, 
80  arranged  that  the  current  issuing  from  those  on  the  oppoi^itt 
sides  of  the  crucible  are  not  disposed  in  the  same  plane.    Tbc« 
tuyeres,  like  those  in  the  furnaces  in  which  cast  iron  is  prej 
are  provided  with  double  casings,  and  thmugh  these  a  curnuitdi 
cold  water  is  constantly  flowing.     The  water  for  this  purpoiit ' 
furnished  by  the  reservoirs  r,  from  whence  it  is  supplied  to  U» 
tuyeres  through  the  pipes  ;j,  and  afterwards  escapes  thnjiiiib  tit 
tuWa  p*  into  the  tanks  r',  into  which  the  water  miin  tht-  - 
also  flows  through  the  pipes   /,      Each  of  these   furuiM 
sumes  about  401)  cubic  feet  of  air  per  minute ;  this  enters  ihn)iA^ 
the  pipes  c,  furnished   with    screw  valves   at   r,   by  which  iK* 
quantity  passing  through  the  nozzles  is  easily  regulated.    Thi 
tuyeres  are  inclmed  at  an  angle  of  from  25°  to  3U^  aiifl  "t^*  **• 
placed  that  their  axes  intersect  the  opposite  feces  of  the 
a  little  above  tl»e  angle  foruied  by  its  junction  with  the  1  « 
the  furnace.     The  hearth  is  surmounted  by  a  chimney,  s 
IGto  18  feet  in  height,  supported  by  four  cast  iron  coN 
nljjch  admit  of  free  ft«sBtt»to1^«  ^M\i  ^^  ''^'^  >^^^  «^^ 
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•hole  k,  fi^.  132,  is  placed  in  ODe  of  the  sborter  sides  of  the 

;h,    nnd  by   it   the   melted  metal,   together  with   the   skg. 

a  out  on  the  mould  M,  where  it  Ls  nubeequently  cooled  by  the 

Iditiou  of  water     The  plate  of  fine  metal  thus  formed  is  ubtmt 

.0  feet    in  length,  2i  leet   in  breadth,  and  2  inches  in   thiek- 

A  portion  of  the  tilag  formfl  a  thia  crust  over  the  sur* 

ee  of  the  iron  run  out,  but  the  greater  part  in  collected  in  a 

"  pit  made  fur  that  purpose  at  the  lower  end  of  the  mould. 


""     workiijf^  of  the  English  refinery,  like  that  of  the  German 

ii*  cuiitinuoua,  so  that  as  soon  as  one  charge  of  metal  is  run 

tiut,  the  hearth  is  again  prepared  for  the  reception  of  a  fresh 

i^jpply.     Immediately  after  tapping  the  line  metal  into  the  mould 

workman  detaches,  by  means  of  a  long  iron  bar,   any 

ti5  which  may  rt^miun  adhering  to  the  sides  of  the  lumace* 

tod  the  ignited  fuel  bcin^  pressed  down  into  the  bottom  of  the 

crucible,  new  coke  is  added  until  the  hearth  has  been  filled  to  a 

height.     The  pigs  of  iron  are  now  placed  Byrametrically  on 

:>  of  the  coke,  taking  care  to  cover  the  whole  surtace,  and  at 

lie  time  allowing  sufficient  vent  between  them  for  the  escape 

smoke  and  gases  produced.     Each  charge  of  the  finery  oroi- 

cunsists  of  six  piga,  of  which  four  are  laid  parallel  to  the 

''  *'rt>  furnace,  and  on  these  the  two  others  are  made  to  rest 

}.     The  weight  operated  on  at  one  time  Varies  from 

1  1*  ;i  lo  riO  cwts*     Thi^  quantity  occupies  about  two  hours  in 

re&iing,  and  loses  from  13  to  17  per  cent,  of  its  weight  during 

'"W<pperation,     At  the  expiration  of  a  quarter  of  an  ho\ii  wSU^y 

pn^  the  iron  begiiia  to  melt,  and  passiDg  drop  by  dro^  iVrou^ 
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the  air  furni»lieLl  hy  the  tuyci'es,  ^^radually  aecumuhitet  at 
bottom  of  the  hearth.     Bv'this  nieimt*  a  portion  of  tho 
becomes  oxidbed,  and  uniting  with  the  niliccoiis  ci"  '—     -n 
in  the  fuel,  as  also  with  the  silica  resulting  from  th(  i 

Bihciuiii  present  in  the  cast  iron,  forms  a  fusible  vitrei  u?  ^j.il,'. 
King,   which  is  extremely  rich  in  oxide  of  iron,  exercises  a  i»t 
decarburiaing  action  on  the  iron  on  which  it  floats,  and  lU  a 
that  these  changes  may  be  properly  eifected,  the  air  from. 
different  tuyeres  is  allowed  to  play  on  the  surface  of 
mass  for  a  considerable  time  allter  tlie  whole  of  the  irrm 
collected  at  the  bottom  of  the  crucible.     Dtirini: 
fuel  is  observed  to  be  continually  lilted  by  the  m 
the  metal  by  the  escape  of  the  gaseous  oxide  of  < 
by  the  reairtion  of  tho  rich  silicate  of  irtm  con»i 
WThen  in  this  state,  the  metal  is  not  stirred,  as 
refinery,  but  as  soon  as  the  decarburisation  is  fu<  I 
advanced^  the  tap-hole  h  is  opened,  and  the  contci 
allowed  to  flow  into  the  mould  M,  wliere  it  is  ct»^ 
tion  of  a  large  quantity  of  cold  water,  by  wliich  tn^ntnunt  i 
rendered  extremely  brittle.     The  slags  are  now  we]v..'  n .  .i   m.i 
fine  metal  broken  into  pieces  convenient  for  its  t 
puddling  furnace,  where  it  is  to  be  freed  from  the  tmnn... 
carbon,  and  converted  into  soft  iron.     An  ordinary   fii; 
capable  uf  refining  about  10  tons  of  cast  iron   in  *      -* 
hours,  and  consumes  irom  4  to  5  cwts.  of  coke  for  each 
refined-     The  tine  metal,  besides  containing  less  carl 
pig  iron   from  which  it  was  piH?pared,   has  also  lost 
whole  of  itTj  siliciura,  as  weU  as  various  other  i- 
pass  off  in  the  form  of  slag*      From  the  im[)u. 
in  the  fuel,  iron  refined  by  tlie  aid  of  coke  is  fuund  l*>  hi  --^ 
pure   and    tenacious    than    that    in    the    preparation   of  ^l^uii 
charcoal  alone  has  been  employed,  and  for  tlii*  reason   t 
fuel  is  constantly  used  wheji  metal  of  a  pecidiarly  good 
required.     The  iron  from  which  tin  plates  are  nmnufAi't 
therefore  refined  with  charcoal,  but  as  in  this  case  tlw?  meUl 
mulates  on  the  sides  of  the  furnace  in  the  form  of  ch>ts  «ir  I 
they  are  directly  removed  from  the  refnu  i\    lieiirth  t«  tlie 
hammer,  and  flattened  into  thin  platea  iag  remtr*^ 

the  furnace,  in  which  their  treatment  ia  i .   .,  .^  d. 

The  PntfdUnir  Vnrumct, — The  further  purifieation  or 
iron  is  eftected  in  a  rt^verberatorj*  fiu-n  -       '  -    i  r^  „ . . .  i 
the  first  is  a  vertical  section,  and  tl 
hearth  A,  which  im  composed  either  •>! 

te  ofciwt  iron  oovercci  wvtYi »  \jis  *.  v 
tit  haa  nerertholeaa  a  »Vig)it  mcNiuvvw^^u  v^^^w . 
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Iies considerable, and  at  the  lowest  point  of  wliioli  is  situated  the 
,t>le  A,  far  the  removal  of  the  slags  which  accumulate  in  the  fur- 
luring  the  procesa  of  decai'burisation.     The  hearth^  wliich  is 


4  feet  in  width  at  the  wideat  part,  is  reduced  to  about 
8  inches  at  itn  other  extrejiiitv,  and  haa  in  most  instancee 
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ih  nf  about  6  feet.    This  part  of  the  funia<?e  is  aeparated 
[dace  F  by  a  bridge  10  inches  in  height,  and  one  brick 
The  lire-bftrs  are  nmde  moveable  for  the  grater 
mience  of  reniovinjkj  the  clinker,  and  cover  a  space  having  for 
th  the  width  of  the  hearth  next  the  bridge,  whikt  it  moa- 
acc^irdinsj  to  the  size  of  the  fiimace,  from  2  feet  8  inches  to 
ineheM  in    the   other   direction.     The  droucrht  throujjh 
ituB  is  deterniiiiecl  by  a  chimney  composed  of   bricka 
tlicncd  by  numerous  iron  ties,  ai\d  varies  from  80  to  50  feet 
it.    The  ufjper  part  of  thiii  »haft  is  furnis\veil  vdl\\  is^  %Wji2^ 
opened  by  m&ma  of  a  chain  and  kvet,  b^  '^\\ic\i^^ 
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the  air  fiiniiahed  by  tbe  tuyeres,  g^wlually  iiccumulates  m 
bottom  of  the  hearth.     By  this  means  a  portion  of  the  m 
becomes  oxidised,  ixiid  iiuiting  with  the  siliceous  cinder  contii 
in  thf  fuel,  us  also  with  the  ailictt  resulting  from  the  oxidation  on 
sihciurn  present  in  the  cast  iron,  farms  a  fusible  vitreous  slag,    % 
t/^ng,   which  is  extremely  rich  in  oxide  of  iron,  exercises  a  atit 
niecarburi»ing  action  on  the  iron  on  which  it  floats,  and.  in  oi! 
tliat  these  changes  may  be  properly  effected,  the  air  fmm  i 
differeut  tuyeres  is  allowed  to  plav  on  the  surface  of  the  fm 
mass  for  a  considerable  time  after  tlie  whole  of  the  iron  h&a  U 
collected  at  the  bottom  of  the  crucible.     During  thi^  period  I 
fuel  ia  obserred  to  be  eootiniially  lifted  by  the  motion  caused 
the  metal  by  the  escape  of  the  gaseous  oxide  of  carbon  proJui 
by  the  reaction  of  the  rich  ailicate  of  ir<:»n  constituting  the  si 
When  in  this  state,  the  metal  is  not  stirred,  as  in  the  ^ ' 
refinery,  but  iis  soon  as  the  deearburisation  ia  judged  e« 
advanced,  the  tap-hole  h  is  opened,  and  the  contents  i>f  t ; 
allowed  to  flow  jnto  the  mould  m,  where  it  is  cooled  b} 
tion  of  a  large  quantity  of  cold  water,  by  which  treatmciii  il 
rendered  extremely  brittle.     The  slugs  are  now  ftepamtcd^  ajtd 
tine  metal  broken  into  pieces  convenient  for  its  tninsport  to  t 
p nddl in «i;  furnace,  where  It  is  to  be  freed  from  the  remuindt-r  ^'fi 
carbon,  and  converted  into  soft  iron.     An  ordinary    t 
capable  of  refiuing  about  10  tons  of  cast  iron  in  t\\ 
hours,  and  eonsuuien  from  4  to  Scwts.  of  coke  for  each  U)n 
reftned.     The  fine  metal,  besides  containing  less  carljon 
pig  iron  from  which  it  was  prepared,   has  also  lost  n- 
whole  of  its  silicium,  as  well  a»  various  other  impuritjL 
pass  off  in  the  form  c^f  slag,      From  the  impuritieti  contaiii«J 
in  the  fuel,  iron  refined  by  the  aid  of  coke  ia  found  to  be  lesi 
pure   and    tenacious    than    that    in   the    preparation   of  which 
charcoal  alone  has  been  employed,  and  for  this  reason  the  latf«t 
fuel  ia  coui^tantly  used  when  metal  of  a  pecidiarly  good  qujilitv  J* 
required.     The  iron  from  which  tin  plates  are  tlianufaclured  i* 
therefore  refined  with  charcoal,  but  as  in  this  cage  the  metal  acctt* 
mulates  on  the  sides  of  the  furnace  iu  the  tbrm  of  clots  or  hinip% 
they  are  directly  removed  from  the  refinery  hearth  to  the  tilt 
hammer,  and  flattened  into  thin  plates  before  being  remo^'cd  M 
the  furnace,  in  which  their  treataient  is  corupleted. 

Tlic  Ptidflllnfe  rurnace. — ^The  further  purification  or  pv 
iron  is  effected  in  a  reverbemtory  furnace,  figs  133  and  13  i . 
the  first  is  a  rertictd  section,  and  tlie  sei'ond  a  ground  nhm.    Tbftj 
hearth  A,  which  is  composed  either  (if  fin -brick  set  on  eoLre  orj|| 
piate  of  caat  iron  covered  witU  a  b-  is  laid  tc r  fi^^ 

out  baa  nevertbeleaa  a  sWgUt  Vnev    .        vi^te^-t,       --^H 


PXTDDMrO. 


2S3 


>nai(!erable,and  at  the  lowest  point  of  wldcli  is  aitunted  the 
kole  A,  lor  the  removal  of  the  slags*  whieli  accumulate  iq  the  fur- 
the  procesa  of  decarburisation.     Thehr    r*'-    ■ 'lich  is 


j^t 


I  :i3. 

y  4  feot  in  width  at  the  widest  part,  ia  reduced  to  about 
8  inchea  at  its  otlier  extreiuitVj  and  has  in  most  instances 


13t. 

ctitrtli  of  about  G  feet.     This  part  of  the  furnace  is  separated 
fire-place  f  by  a  bridge  10  inches  in  heisjht,  imd  one  brick 
.iieaa.     The  lire-bars  are  made  moveable  for  the  greater 
lience  of  removing  the  clinker,  !md  cover  a  space  ha>nng  for 
_th  the  width  of  the  hearth  next  the  bridge,  whilst  it  mea- 
according  to  the  size  of  the  furnace,  from  2  feet  8  inches  to 
4   inches  in  the  other  direction.    The  draught  through 

Sanitus  is  determined  hj  a  ehimnev  composed  of  bricka 
lened  by  numerous  iron*tie«.  and  varies  from  80  in  50  feet 
tbt.    Tlie  upjjcr  part  of  tins  sliait  in  furnU\icd  m\\\  bl  %V.^ 
ti/i«M>  opened  bjr  nuuins  of  &  chaiu  and  \e\*e«,\)^  vAvvtVVXwi 


4 


IBON. 


^    rkmen  cim  rebate  at  will  the  aroount  of  air  pasan^  i\ 
the  funiac€.     The  walla  of  this  arrangemeat  are  built  uf  oi 
masonrvr  but  the  dome  and  all  the  other  part«  eiposed  to  a 
temperature  are  exclusive! v  constructed  of  good  tire-V      ' 
bodaed  in  clay.     The  outside  of  the  ma^  ia,  aa  reprt 
IM,  encased  in  a  strong  covering  of  cast  iron,  firndv  UuiJ  I'^d 
by  clamps  and  wedges,  and  by  this  means,  not  only  is  the 
solidity-  of  the  structure  ensured,  but  the  iiiconvfn" 
ing  the  entrance  of  cold  air  through  the  clefts  of  tl^ 
id  entirely  avoided.      The  door  K  is  in  communicatiuu  v-iih 
prate,  and  closed  either  by  an  accumulation  of  the  coal  ii&edj 
fuel,  or  bv  sliding  dtwrs  raised  by  a  chain  and  lever,     la 
country  the  feeding-hole  of  the  furnace  is  usually  closed  by 
iccmnulat  ion  of  coal  only.     The  openine  d»  fig,  134,  cotiimi; 
cates  with   the   hearth   or  sole  of  the  turnace.      This  iic*ur, 
chiefly  used  for  working   the  metal  with  an   iron   bar  di 
the  process  of  puddling,  and  is  closed  by  an  iron  frame 
with  fire-bricks,    and   raised  by   a  chain   and   lever, 
aperture,  sometimes   placed  on    the  same  sole  of  the  fii 
but  considerably  nearer  the  chimney,  is  employed  for  chan:i.i^^  ^ 
refined  metal  and  cleaning  out  the  apparatua  at  the  close    '     '  ^ 
operation,  ajid  is  therefore  kept  closed  by  an  iron  plate  dn 
working  of  the  charge.     The  hearth,  as  before  stateil,  is  fr»'«|nuin 
oompoi»ed  of  a  exist  iron  plate  covered  with  a  fusible  skg,  and  ill' 
this  case  a  space  for  the  circulation  of  oold  air  is  left  bt  t 
and  the  brick- work  :  by  this  means  the  temperature  to  ^^  1 
exposed  is  constjintly  kept  lower  than  the  point  of  its  fuswii, 
the  plate  consequently  remains  uninjured  under  circunistjuicel  W 
whieh  it  would  otherwise  become  rapidly  destroyed. 

The  puddling  of  fine  metal  in  this  furnace  is  condtiKrd  in 
following  manner; — The  iron  is  introduced  into  tli 
means  of  a  shovel,  and  piled  up  on  the  sides  of  the  h> 
nearly  touches  the  dome,  care  being  taken  to  keep  the  c« 
tlic  sole  clear  for  working  the  charge,  as  also  to  allow  the 
liir  to  circidate  freelv  around  the  broken  fra^ment;3.  To 
broken  metal  a  portion  of  rich  slag  and  iron  scales  is  aft* 
wards  added.  The  doors  are  now  closed,  fresh  fuel  is  thmwu  oa 
the  grate,  and  the  damper  at  the  top  of  the  chimney  entirely  clfwed 
At  the  expiration  of  about  half  an  hour  the  sharp  edges  of  the  ftfli 
metal  begin  to  melt,  and  flow  on  the  bottom  of  the  heart ^  T^-* 
workman  at  this  stage  removes  a  small  iron  plate,  by  \s 
opening  in  the  working  door  I 
Operation,  and  with  an  iron  ri 
ID  order  t'^ 


PTTDDLTKO* 


S85 


I  the  bridge*  Ut  prevent  its  running  togetlier  in  one  muss. 
I  the  whole  of  the  chargo  has  been  thuii  reduced  to  a  paaty 
,  the  tire  w  lowered,  the  damper  gnulually  cloised,  andjl"  it  be 
d  nece^san',  a  httle  water  may  be  thrown  into  the  furnace, 
metallic  bath  now  appears  to  boil,  from  the  evolution  of  car- 
ic  oxide  gas,  which  iinmediateJy  takes  tire  on  reaching  the  8ur- 
and  burns  with  a  blue  flame.  The  puddler  dow  keeps  the 
constantly  stirred  with  an  iron  tool  called  a  paddle,  thud 
ntinuidly  exposing  fresh  surffices  to  the  action  of  the  jEfaacjj  in 
furnace,  it  is,  however,  desirable  that  the  metal  should  be 
1  jii*  little  as  possible  to  the  direct  action  of  atmospheric 
hich  it  would  become  rapidly  oxithsed  ;  and  for  thid  reason 
tUc  working  door  is  not  opened  more  than  is  absolutely  necesiiar)'' 
for  carrving  on  the  work.  After  a  time  the  metal  begins  to  lose 
it«  coherence,  and  becomes  sandy,  or,  as  the  workman  expresses  it, 
diy.  The  evolution  of  oxide  of  carbon  now  rapidly  declines,  and 
loon  ceaj^e;*  altoi^ether ;  but  the  stirring  of  the  masa  is  continued 
Until  it  hat*  iwiaumed  a  uniform  granular  appearance.  AVlien  tliis 
point  ha»  been  attained,  the  iire  is  again  forced,  and  the  damper 
graduidly  raised :  this  causes  the  sandy  particles  to  agglutiuato 
ind  otTcr  considerable  resistance  to  the  paddle.  Tlie  iron  is  now 
•aid  to  wurk  heaf^Uxf^  and  a  portion  of  the  scoria  is  run  oft' 
UjTough  the  tloss-hole  left  for  that  purpose  at  the  end  of  the  fur- 
Hicc  farthest  removed  fi*om  the  bridge.  It  now  only  remains  for 
the  workman  to  form  the  iron  into  halh,,  and  this  he  does  by 
'  :ij  a  small  portion  t>o  the  end  of  his  paddle,  and  so  i*cdling 
hejirth  as  to  colle^jt  other  fragments,  which  become  firmly 
H<Jai<i  to  it.  In  this  way  the  whole  of  the  charge  is  collected 
intii  hjmpH  w*^ighing  from  60  to  70  pounds  eacli,  and  these,  when 
-I  by  a  kind  of  rake  called  a  dolly^  and  which  is 
-J  before  being  used,  in  the  hottest  part  of  the 
■^m.'iN  wlu  Ji'  Lhey  are  pressed  for  the  purpose  of  squeezing  out 
^■iliig  eoiitained  in  the  sjjongy  mass.  This  making  of  the  balls 
^■picji  about  twenty  minutes,  and  when  it  is  aceomplibhcd  the 
^K»  iire  ehised  for  a  short  time,  and  the  dampers  openeil  for  the 
^Kone  of  welding  the  particles  of  the  metal  closely  togcther. 
^Ki|M|pe«  are  now  successively  removed  from  the  furnace,  and 
^^^HJKber  under  the  hannner  or  squeezer,  in  which  case  they 
^HPBll  wehled  to  »  long  iron  rod,  which  serves  the  workman  in 
^■iif  Ji  handle.  When,  on  the  contrary,  as  in  most  parts  of 
^^■^tbey  are  passed  direetly  to  the  roughing  rollers,  they  are 
^^^K^ctty  from  the  hearth  by  the  help  of  heavy  tougs  only. 
^H^Sinri^  o'^  a  puddling  furnace  in  usually  from  3)  to  5  cwta.  of 
^Enetal.  When  very  pui*e  cast  iroji,  such  bm  \\\\\\,  ^>rc'\}aTv(V  ?T^^m 
jBooni  M  t*)  be  treated,  the  preUminary  operation  oC  T(&(vvvvu^\ib 
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letimes  dispensed  with,  but  for  ordinary  rough  metal  its 
"Vious   purification  is   considered    indispensable.      Each 
reotnve^  from  10  to  11  charges  in  the  course  of  twettty-foor 
and  the  average  loss  experienced  by  the  tine  metal  may  be 
mated  at  about  9  per  cent,  on  the  quantity  treated.    Ab<i^rt 
puddling  furnaces  are  required  for  each  ftnery,  and  every  chi 
metal  puddled  requirea  the  combustion  of  just  its  own  wei^ 
coak.     The  operation  may  be  divided  into  four  distinct 
The  melting  of  tbe  refined  metal  commonly  begins  to  take 
at  the  expiration  of  twenty  or  twenty-live  minutes.     At  tbe  wi 
an  hour  and  a  half  tlie  charge  is  completely  reduced  to  a 
gtate.     It  is  in  this  state  kept  heated  for  another  half-hour,  u 
the  ex|)inition  of  that  period  the  balling  is  conimcncod,  and 
occupies  about  the  same  length  of  time. 

ConipresHlns  the  Ftiiiiiteil  Bfiila. — The  hammer  emnloved 
compressing  the  balls  after  their  removal  from  the  puildhug 
nace,  ijs  commonly  made  of  cast  iron,  and  is  represented  in  fi 
The  weight  of  the  helve  M  varies  from  8|^  to  4  tonu,  and  ltd 
is  in  motit  instances  about  10  feet. 


/ 
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The  axis  a  of  the  hammer  rests   on  heavy  plmnmcr-blodtot 
firmly  aecured  by  strong  bolts  passing  through  a  large 
m/ij*omT,  on  which  one  ot  mat^  couwea  oil  TKWK^seuVtascoa  ore  p] 
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J&m  piirp09C  of  affording  a  certain  degree  of  elasticitj  to  the 
lent.    The  head  p  is  made  of  T^Tought  iron,  face<l  with 
weighs  trom  7  to  8  cwts.     This  is  uttiiehed  to  the  helv© 
Jjsing  through  a  large  hole  east  in  its  extremitv,  and  is  finnlj 
(1  by  iron  or  wooden  wedges.     The  iinvil^  like  the  hammer* 
flOmpO!»ed  of  two  parts :  one  of  these,   called  the  pane  of  the 
"'*'  iSf  like  that  of  the  hammer,  formed  into  a  Benoa  of  grooves 
puqjose  of  !»ettt'r  exprfssing  the  wlaga  from  the  balls,  and 
their  partieles*  more  elosely  together.     This  is  of  equal 
to  the  head  of  tho  hammer,  and  rests  on  a  large  cube  of 
I,  to  which  it  is  secured  by  proper  wedges.     The  weight 
dimensiom?  of  the  iron  block  A,  supporting  this  face,  vary  in 
it  maQufaetories,  but  on  an  average  it  may  weigh  about  4 
although  six-feet  cubes  of  ca&t  iron  have  been  eometimfja 
red  for  this  purpose.     The  head,  which  lifts  from  IG  to  24 
and  make«  from  75  to  100  blows  in  a  minute,  i»  raised  by 
»aion  of  cams,  c,  filed  in  a  heavy  east  iron  collar  n,  called 
eant'ririff'fjafff  which  may  be  3  feet  in  diameter,  and  18  or  20 
ien  in  thickness  :  this  weighs  from  4  to  4|f  tons,  and  iei  tirmly 
red  to  a  powerful  shaft  s,  moved  either  by  steam  power  or  a 
sr-wheeL      The  apparatus  t  i'  is  for  the  purpose  of  propping 
the  head  of  tho  hammer  when  not  in  n»e.     The  puddled  loupea 
held  under  this  instrument  by  an  iron  rod  called  a  parttr^  and, 
i<?n   the  tslag  has  been  sufficiently  expressed,  they  are  passed 
^li  a  aeriea  of  grooved  iron  rollers, 
heavy  iron  hummer  is  now  sometimes  replaced  by  a  kind  of 
hiii^t?d  pressj  fig.  186,  in  which  the  balls  of  puddled  metal  are  suK 


im 


fcmhlc  presexire  by  mean©  of  a  powerfuWe^fCt. 
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apparntiis  consists  of  two  Btroiifr  jaws,  a  h,  e,  joined  togetl 
like  a  pair  of  common  scissors  :  in  this  case  the  cutting 
tJie  sciBsorB  are,  however,  replaced  by  plan©  surfaces,  in  wl 
DumtTOua  btitudiiiiil  ^ooves,  in  order  to  retain  the  loupe©  of 
to  be  opertitt^d  on.     The  lower  jaw  c  consists  of  a  cast  iron 
throu^'h  which  a  current  of  water  constantly  flows,  in 
prevent  its  becoming  too  highly  heated  by  the  masses  of  hoi 
which  it  supports. 

Tlie  upper  jaw  a  receives  its  motion  from  the  shaft  t, 
which  it  is  connected  by  the  crank  t,  and  which  must  be 
stout   wrought  iron  of  fjood  (juality.     This  press  oeeasiom] 
waste  than  the  ordinary  hamiufr,  and  at  the  same  time 
erpeditionsly  tits  the  loupe  for  pai^«iug  through  the  rolliog 
Botii  thef*e  contrivances  havo,  however,  of  late  years  become 
generally   nnperseded   by    Xaamyth*8   steam    hummer,    whidl- 
equally  applicable  to  the  compression  of  the  ptiddled  loupes 
the  forging:  of  large  masses  of  finished  irou  in  the  manufac 
anchors  and  (^ther  heavy  articles.     The  head  of  this  ini 
consists  of  a  cast  iron  block,  to  whicli  is  fitted  a  steeled 
iron  facing.     To  iitl  this  weight,  which  frequently  amounl 
frtiin  four  to  five  tons,  it  is  attached  to  a  rod  connected 
piston  working  in  a  steam  cylinder,  which  is  supported  at  A 
venient  height  on  a  stout  stand  of  east  iron,     T\ie  sides  of 
frame  are  abo  grooved  so  as  to  form  guides  for  the  hammer 
The   anvil    is   placed  Iretweeti   the    uprights  which   support 
cvhnder,  find  is  provided  with  a  steeled  facing  similar  to  tf 
the  moveable  maaa  constituting  the  hammer  itself-     On  t 
the  staging  which  supports  the  cylinder  is  placed  a  pirn 
the  hamnter-man,  wlio,    by  admitting   steam   under  tht 
raises  both  it  and  the  haniincr  to  which  it  is  attached;  ^^ 
tnitting  off  the  communication  with  the  boiler,  allowing  ti 
to  escape,  and  at  the  same  time  permitting  the  atmo> 
hove  access  to  the  other  side  of  the  piston,  the  mass  ot 
made  to  iall  with  its  whole  weight  on  the  anvil  which  is 
The  steam  in  this  arrangement  is  alternately  admitted  and  cut  off) 
by  a  slide  worked  by  an  eccentric;  but  when  intenuitt^'nt  Mowf 
are  to  be  applied,  the  slide,  which  is  connected  to  a  pm] 
is  worked  by  hand.     The  workmen,  by  long  practice,  bt^.  u..  .. 
completely  masters  of  this  machine  as  to  be  able  to  cork  a  bottk 
without  danger  to  the   glass,  or  break   a   nut  without  in 
slightest  degree  crushing  the  kernel. 

In  large  establishments  tliese  hammers  are  at  the  prc>ir  * 
very  extensively  employed,  but  many  of  the  smaller  f  >< 
eom press  the  spojigy  metal   eitljer  by  the  squeezer  or  bcttvj  ca*v 
IX031  hummer  Ciused  )^v  kAv«  Vk^ 
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;The  cylinders  by  which  the  soft  metal  is  compressed,  and  after- 
dnwn  into  oars,  are  of  two  distinct  kinds.  Tlie  first,  which 
called  fuddling  rolls,  serve  to  compress  and  weld  together  the 
of  metal  after  they  are  removed  from  under  the  hammer,  al- 
jb  in  some  localities,  and  p.articularly  in  AVales,  tliey  are  passed 
the  rollers  as  soon  as  they  have  been  removed  from  the 
The  second  kind  is  employed  exclusively  for  tlie  purpose 
^extending  into  bars  the  masses  of  puddhnl  iron  after  they  uuve 
cut  into  short  lengths  and  rewelded  to  improve  their  quality : 
are  known  by  the  name  of  roUert,  and  are  ditferently  grooved 
ling  to  the  pattern  of  the  bars  they  are  intended  to  produce. 
cylinders  are  fixed  in  pairs,  one  above  the  othiT,  in  a  heavy 
swork  of  cast  iron,  and  are  so  connected  by  strong  toothed 
as  to  turn  in  contrary  directions.  Motion  is  conununicated 
the  shafts  either  by  steam  or  water  power,  and  the  distance 
the  two  cylinders  admits  of  being  easily  regulatcfd  by 
acting  on  the  bearings  in  which  the  trunnions  are  made  to 
A  narrow  oblong  loss  runs  ben(>ath  the  frame  in  which 
roDers  are  placed :  througli  this  a  stream  of  water  is  conti- 
lUy  made  to  flow,  and  in  it  is  collected  the  scale  which  falls  from 
surface  of  the  heated  iron  when  passing  between  tht'  cylinders. 
She  sides  of  this  rectangular  j)it  are  coirmiouly  composed  of  large 
Mocks  of  stone  restuig  on  a  solid  mass  of  masoun',  into  which  are 
tknilt  strong  beams  either  of  wood  or  cast  iron,  to  which  tlie  up- 
rights or  hoHtting  frames  supporting  the  rollers  are  iinnly  secured. 
<A  small  stream  of  water  is  occasionally  conducted  by  a  pipe  to  (?acli 
"Jair  of  cylinders,  which  are  thus  kept  cool,  and  prevented  from 
veing  injured  by  the  hot  metal  passed  between  them. 

The  roughing  rolls  are  usually  5  f(;et  in  the  clear  between  the 

Ixarers.  and  18  inches  in  diameter:  the  trunnions  are  turiuMl  out 

«f  the  same  piece  of  metal,  and  are  each  about  a  foot  in  length. 

lach  of  these  rollers  has  a  series  of  from  five  to  seven  regularly 

^lecreasing  grooves  of  an  elliptical  form,  so  amiiiged   that   llio 

■horter  axis  of  the  figure  fonned  by  the  meeting  of  the  corresjiond- 

ing  grooves  in  the  two  cylinders  is  equal  to  the  longer  axis  of  the 

ellipse  formed  by  the  junction  of  the  two  grooves  which  come  next 

in  niccession.     Tlie  smaller  axis  of  each  ellipse  is  also  invariably 

perpendicular  to  the  surfaces  of  the  two  cylinders  by  the  meeting 

of  which  it  is  formed;  and,  for  this  reason,  every  bar  which  has 

Msed  between  the  rollers  is  made  to  make  a  quarter  revolution 

kfoie  it  enters  the  grooves  which  come  next  in  the  series,  and  is 

tlnu  equally  compressed  and  drawn  out  in  all  its  parts. 

The  roughing  and  preparing  grooves  are  sometimes  contained 
n  the  same  cylinders,  but  are  more  frequently  arranged  on 
^nefe  rollers^  as  in  %.  137,  where  A  ±'  represent  t\ie  -toxi^* 
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rolk,  and  b  b'  tboee  by  i^hieh  the  metal  is  formed  into 
boTt^,  to  be  gub:^quentij  faggoted  and  dra^'a  into  inm* 
required  size.  The  first  three  or  foup  gpoovea  of  the 
rollers  are  also  commonlj  provided  with  aaperitiee  ^met 
Bombling  the  teeth  of  a  file,  which  take  firm  hold  of  the 
znetol  presented  before  the  opening,  and  draw  it  through  will 
danger  of  the  slipping  which  would  occur  if  smooth  surfMies  i 
were  enjployed. 


To  support  the  balU  and  masses  of  metal  which  are  tobe  pil 
through  the  rollers,  a  thick  plate  of  cast  iron,  notched  on  tlie  i 
so  asi  to  admit  of  being  closely  applied  to  the  cvlinder.  U  pb 
on  a  level  with  the  bottom  of  the  notches  on  the  lower  roll.  1 
piece  is  called  the  apron,  and  regta  on  iron  bars  stretched  betw 
two  consecutive  standards  of  the  housing  frame.  These  nprui 
vary  fiiom  6  to  6  feet  in  height,  and  are  usually  about  2  iiw 
thicker  perpendicularly  to  the  faces  of  the  rolls  than  pmUi 
their  surfaces,  in  which  direction  they  measure  from  10  10 
inches.  Tlie  different  bearers^  6,  are  connected  together  at  their  up 
extremities  by  stout  iron  bars,  drawn  tight  by  screw-nuts:  tl 
are  used  by  the  workmen  to  support  the  heavy  tongs  empkvjrd 
lifting  the  masses  of  hot  iron  to  oe  rolled  into  bars* 

The  distances  between  the  rollers  are  regulated  by  the  acrewl 
and  the  connections  between  them  established  bv  means  of 
strong  toothed  wheels,  c  c',  by  which  they  are  ma^e  to  rerohl 
opposite  directions.  The  two  series  of  rolls  are  united  bjr  IW 
couphngs,  d,  r,  tightly  keyed  together. 

Puddled  iron  wliich  lias  been  roUed  into  bars  immediiilc^ 
its  removal  from  under  the  hammer  is  always  of  very  loBI 
qualit\%  being  extremely  hard  and  brittle,  besides  being  subjMl 
numerous  fl.^ws  ami  imper^tion^  not  obsened  in  ordiutfjr 
iron.     This  .»f  tlM»  metal  is,  however,  in  certain  itmtm 

found  advaii.o^vv.  *«* ^«^^^  vV^>^v«^ ^W 
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:i  are  oftt-n  com[)oaed  of  coareo  hitrd   iron,  wltich  in 
mo   its    peculiar  shape   hy   \mn^   rolliHj   lii'tweoo 
on  their  surfaces  ^Toove»  »o  urrau^«Ml  ua  to  form 
of  thf»  mil  wautod     When,  on  thi*  fniilnirv.  the  iron 
!■  iry  purpoaca,  and   Hhoultl  t*oiiHt\piontly  b« 

of  lenacity,  its  quality  in  iiiiprovtt(i  by  cutting 

bans  mto  »h'  rr  !  _,'tbs,  juul  aftcn^iinli*  welding  tht-Tn 
in  bundled,  uiul  lu  uu  p'wsiug  them  throui^h  a  eet  of 
gP(x>Te*i  of  whii'li  rr  [nmd  in  »ixe  and  form  to  the 
Ui  of  the  bara  or  rod-  tu  bi'  produtTd, 
ct  thb,  the  bare  of  puddled  inm  ;ipe,  by  metinH  of  powerful 
138,  cut  into  len^^ha  of  about  a  foot  I'jieh,  and  aubae- 
to  the  welding 
oveu  expretisly 
or  that  purpoae,  and 
nace, 
ra  are  compofied 
tormmated  by  cut- 
^ll^ittide  of  hardened 
,  fimly  bolted  to  the 
M  to  which  they  are 
The  lower  blade,  A, 
leably  fixed  to  a  cast 
jheon,  whilst  the  upper 
ted  fl,  moveB  on  the 
laing  through  the  eiam* 
To  the  upper  limb,  b. 
Batrument  is  attaehcd 
p  B,  which,  being  eon- 
ith  the  rod,  n  M,  at- 

Y  a  crank  to  the  shaft  of  the  steam-engine,  cauaca  the 
le  shears  to  nltenintely  open  and  shut  at  every  rovo)utitiu 
e  by  which  the  power  in  supplied.     In  thiM  way  niotiou 

0  the  Bcissora,  wnidi  easily  aiWde  bars  of  iron  an  inch  or 
ihickneaa  when  placed  between  the  jaws, 

in  thus  cut  into  ahort  lengtha  itj  made  into  henpa  or  joi/m 
Date  to  the  aize  of  the  bars  to  be  mauulWture*!,  and 

1  a  furnace  of  which  fig.  139,  next  page,  reprcsentB  a 
action.  This  apparatus  differs  chiefly  irom  the  puddling 
ti  the  relation  existing  between  the  hearth,  a,  and  the 
which  in  the  latter  is  made  much  larger  thmi  in  the 
m  account  of  the  greater  heat  whicli  ih  in   that  cose 

In  thi8  furnace  also  there  lU^  two  doors,  bv  one  of 
the  fuel  ia  introduced  iuto  the  tire-plaee ;  y^ixiU  the 
deb  is  not  seen  in  the  wr>ocleiit,  is  ^iitw^vVv-OL  ^v^^^W1 
^  md  is  employed  for  introducmg  the  bunA\.  *  u?  V 
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into  the  hearth,  a,  and  ren\onn^  them  when  sufficiently 
be  passed  thi-ough  the  roUcrs  by  which  they  are  to  be  ^" 


139. 

barti.     This  latter  opening  is  closed  by  a  kmd  of  damper, 
worked  by  a  lever. 

It  is  of  the  givatcst  importance  in  furnaces  of  this  deecfi| 
that  lio  air  be  allowed  to  ent^r  but  that  which  has  lost  the  ^ 
portion  of  its  oxygen  by  having  first  passed  throiigh  th 
for  this  reason  it  is  essential  that  tlic  doors  should  t 
pletely  closed  duriuir  the  time  that  the  faggots*  of  puddhd  lioi 
Ix'ing  heated.  If  this  precaution  were  not  attended  tn.  »  n 
derablc  losa  would  be  sustained  by  the  oxidation  t^ 
treated,  aa  this  oxide*  uniting  with  the  siliceous  niuii 
fui'iKice,  determines  the  formation  of  lar«je  quantities  of  nch 
at  the  expense  of  the  metidlic  iron.  It  is  also  to  be  observed  thi 
large  door  is  so  placed  beneath  the  chimney  that  the  air  which  l 
other^risc  enter  the  funiace  on  the  %vithdrawal  of  the  dainper  n 
its  way  directly  to  the  flue.  When  the  piles  of  puddled  inm  pi 
on  the  eole»  (f.  Lave  acquired  the  temperature  necessary  for  wd 
them  together,  they  are  successively  removed  tlirough  the  i 
and  passed  between  the /nijthintf  rollers  until  they  have  ae«i 
the  required  form  and  d.iniensions.  These  rolls  are  turned 
greater  precision,  and  adjusted  wnth  more  accuracy,  than  i 
quii'ed  in  the  first  Bet,  as  it  is  essential  that  the  fini»hed 
should  hare  a  regular  form,  and  be  perfectly  smooth  on  tb€ 
face.  Tliey  are  also  made  to  turn  with  more  rapidity  thai 
roughing  r^jiU,  to  prevent  the  iron  from  becoming  chilled  M^ 
has  time  to  pass  through  them.  The  quickness  of  this  m 
depends,  therefore,  in  a  great  loeiMiire  on  the  tliicknc€«  d 
h&rs  to  be  produQfJniii^^^#5#WM«5«^^^^*  ^"^"^ '^ . 
become  cold.     '  -r^  ^s««a.x 
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it  is  iisittl  to  employ  a  series  of  three  rollers  placed  one 

'    ^     In  this  caaethe  motion  13  directly  communicated 

■"   or  water-wheel   to   the   middle  cylinder,  which, 

1  br  ct>^'wheela  with  the  other  rollers  placed  above 

i,  causes  them  to  revolve  in  coutran-  directions. 

jen*  make,  on  an  average,  from  150  to  2U<)  revolutions 

To  use  them,  the  heated  bar  is  tirst  passed  between 

'tnd  rolls,  and  then  returned  from  the  other  aide 

:  formed  by  the  second  and  third. 

lufactttre  mi  Skcet  tmn.— ^Sbeet   iron   id   made  either  by 

'  riM"  the  heated  metal  to  the  proper  thickness  by  the  same 

\l  in  some  localities  are  still  employed  tor  tue  purpose 

it  into  bars,  or  it  is  made  to  acquire  the  proper  iorm 

■ss  by  being  passed,  when  strongly  heated,   between 

..  x.,Uers  with  polished  faces  arranged  in  the  same  manner aa 

intended  for  reducing  it  into  bars. 

o  sets  of  cylinders  are  employed  for  this  manufacture :  by 

one,  the  metal  ia  roughed  mto  sonicthoii^  like  the  required 

- :  and  by  the  second,  which  only  diUcrs  from  the  other 

irned  perfectly  smooth,  aud  more  accurately  adjusted, 

in  are  finished  off,  and  arc  ^vcn  an  even  and  polished 

Tlie  metal  employed  for  making  sheet  iron  ought  to  be 

(ft  and  ttjugh ;  and  when  thin  sheets  are  required,  such  as 

of  \^hich   tin-plate  ia   manufactured,  the  beat    charcoal- 

d  iron  only  caJi  be  used. 

^.yo  to  the  metal  the  form  of  sheets,  it  ia  first  drawn  out 

I'd  bars  of  a  greater  or  less  thickncjiia  according  to  the 

-  and  solidity  of  the  plates  to  be  nmnuiactured.     lliese 

alierwards  cut  by  powerful  shears  into  lengths  coiTcsponding 

wi^lth  of  the  slieeta  which  it  ia  w  ished  to  prepare.     This  is 

y  done  immediately  after  the  mettd  baa   passed  through  the 

ing  rollers,  and  whilst  it  is  still  liot.     The  prepared  musses 

now  introduced  into  a  rcverbcratory  turnace,  where  they  are 

*  to  redness,  and,  when  sufficiently  hot,  are  passed  through 

ghlng  rolls  in  such  a  way  that  the  length  ut  the  bars  may 

'^  ^  to  the  axes  of  the  cylinders  between  which  they  are 

I ,     The  plates  are  in  this  way  acted  mi  by  the  rolls  two 

ret  Miceessive  times,  the  distance  between  them  being  slightly 

ed  at  each  operation  for  the  purpose  of  thinning  the  sheet 

c<»otiuuance  of  the  prestsin-e  exerted  on  it  by  the  cylinders. 

n»iL:hed  plates  are  now  a  second  tiEio  reheated  in  a  rtjverbe- 

iiccj  but  not  in  that  employed  for  softening  the  rough 

passing  through  the  preparing  rolls,  which,  although 

\r  to  the  one  now  used,  ia  kept  entirely  for  tbo  sen  lee  of 

^■^■.■j7ig  roUn  Alone,     Great  precautions  are  ueceaaai^  \a 

iht^  euttance  into  these  foniacea  of  any  atmoa^W^*^ 
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^ACTmS  OF  IBOK  BT  THE  CATALAN  OB  FBITNCH  METHOD. 

the  French  Pyrenecg,   Corsica,  and  in  some  provinces  of 

I,  inst4^o<i  of  manufacturing  malleable  iron  by  treating  cast 

in  a  refinery  and  puddling  furnace,  it  is  obtained  by  one 

\tion  directly  from  the  ore.     In  order  that  tliia  branch  of 

>tr\'  ehould  be  advantageously  carried  on,  it  ia  necessary  that 

»8  treated  be  not  only  extremely  rich,  but  also  very  fusible, 

'  churt^oal,  wkich  ia  the  fiiel  employed,  be  obtained  at  a 

binee  CFer}'  ton  of  bar  iron  thus  produced  will  require 

:ion  the  expenditure  of  rather  more  than  three  times 

it  of  fuel. 

ilan  furnace  conabts  of  a  quadrangular  crucible,  com- 
Tcfrartory  masonry »  and  attached  like  an  ordinary  smithy 
)lwe  to   one   of  the  walla  of  the  workshop  in  which  it  is 
Three  distinct  modifications  of  this  smelting  heartlj  are 
on  different  parts  of  the  Continent,  under  the  names  of 
in,  Xnvarrese  and  Biscayan  forges,  but  as  in  principle  these 
lly  n^>ternble  each  other,  it  will  be  sufficient  to  describe  in 
"  tht^  Cofff fan  forge, -which,  it*  that  most  eit^nsively  employed.. 
le  hearth  of  this  furnace  is  established  in  a   large  mass  of 
►work,   cemented  together  with  refractor)'  clay,  and  which, 
"  of  being  built  directly  on  the  floor  of  the  foundry,  is  sup- 
on  one  or  more   small  arches,  to  admit  of  the  eacapL*  of 
»,  and  to  preserve  the  bottom  of  the  crucible  from  being 
?d  by  any  dampness  which  might  otherwise  find  its  way  into 
tadonry.     On  the  top  of  these  arches  ia  arraifiged  a  layer  of 
ly  and  iron  slag,  which  is  weD  beaten  down,  and  supportn  a 
block  of  compact  grwiite,  which  forms  the  bottom  of  the 
»lc,   and   on  thia  are  placed  the  four  sides  of  the  hearth, 
Jc,  </,  as  nhown  in  figa,  141  and  142. 

fftcc,  «,  which  is  of  iron,  is  called  the  rAio,  and  from  this 
of  the  funia4X?  the  liquid  slags  are  run  off  through  a  hole 
for  tlint  purpofic.     That  oppti^ite  is  called  the  cave^  and  ia 
itirt*ly   <:om[K)!*cd  of  maaonrv  held  together  by  refructor}'  clay. 
tilde  is  somewhat  eurvecl  in  an  outward   direction,  and  is 
11  !\vd  from  the  bottom  towards  the  top. 

the  furnace,  c,  on  the  left  of  the  sketch,  is  called  the 

»,  and  ii*  compo»ed  of  hoa\y  bars  of  iron  placed  one  above  the 

Bu  a??  to  form  a  kind  of  vertical  wall-     The  other  side  of  the 

«/  t(*  the  tuyere,  is  known  by  the  name  of  the  ore, 

i  is  componed  of  pieces  of  iron,  having  a  wedge- 

jon,  and  ho  arranged  a*  to  fonn  a  romidv^A  ssUt^dikvi, 

[etmres  aide  placed  towards  the  tire.    TUo  \io?.i\e,  ^*,\>v 
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which  the  wind  ia  brought  into  the  hearth,  lias  the  fon» 
truncated  cone,  nntl  is  made  hy  turning  a  piece  of  sheet 
into  the  proper  form,  without  soldering  it«  edges.      This 
rests  ou  the  upper  plate  of  the  ])or;^efl,  and  encloses  the  turi 

by  which  the  furnace  in  aunphed^ 
air,  by  a  waterblowiiJ|j;  iiiacunie»r 
seated  in  ligs.  1 11,  112,  and  wl 
connected  to  the  tuyere  b}'  a 
hose.     The    amount    of   inei 
given  to  the  nozzle  ia  found  to 
riallj  aflect  the  working  oi  the 
nace,  and  ia  made  a  great  mystery  < 
by  tlie  workraen  employed.    In 
instiinces,  however,  the  tuyert* 
an  angle  of  from  35^  tti  40^ 
bottom  of  the  hearth. 

The   dimensions  most  c< 
employed    for  the   Catakn 
are  aa  follow^ :  length  of  the 
from  the  porges  to  the  eon1 
its  wndest  part,  3  feet ;  width 
crucible,  from  the  chio  to  tho 
the  cave,  1  foot  9  in, ;   total 
from  the  surface  to  the 


thel^earth,  2  feet  2  inches.  Tlie  distance  bet%veen  the  ^ 
thf  contrevent,  at  its  narrowest  part,  is  usually  obout  2i  in 
,  ThetK?  forges  are  invariably  pliu-'cd  on  the  declivity  of 
'snd  are  supplied  with  air  by  a  water  blowing  inachine.  oill 
a  trompe.  This  appunitua  consists  of  a  hirge  cirttern,  a..  wnJ 
IB  Bupplied  with  a  coufetm^  ^asfiia.  ^'^  ^'"^"^^  ^^^  ?5^Tioe(^ 

JTfi  ■        ■ 
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iKe  box  c,  by  two  wooden  pip^s,  b,  b',  about  20  feet  ia 


142, 

lower  case,  ^  which  ia  secured  on  all  sides,  and  closely 
to  the  tubes  |u  b',  is  pierced  with  two  openings,  the  one, 
r  the  bottom  lor*the  escape  of  the  water,  and  another  ia 
I,  at  E,  through  which  the  air  eacapea  into  the  furnace 
j]i  the  tube  6,  F,  T,  if. 

le  opening  of  the  tubes  B,  b',  are  at  their  point  of  junction 

the  reservoir  partially  closed  by  a  sort  of  wooden  funnel, 

I  causes  the  water  to  descend  in  the  middle  portions  vf  the 

jht  pipes,  instead  of  adhering  to  and  running  over  their  inner 

ses,  as  it  would  bt-  otherwiftc  liable  to  do,     A  little  beneath 

Dpenint^  of  theae  funnels,  called  the  etrungviHons^  four  »mail 

11^,  y,  are  cut  iii  an  inclined  direction  thro  ugh  each  tube  ; 

are  called  the  mpirateursj  and  8er\'e  for  the  pa.-^yage  of  the 

drawn  into  the  apparatus  by  the  downward  motiiju  of  the 

of  water.      The  two  upright  tolumns,  b,  li',  are  tintdy 

into  the  lid  of  the  lower  caae,  c,  and  are  placed  imnic- 

^over,  and  a  short  distance  above  a  small  wooden  shell'^  on 

the  descending  currents  of  water  are  by  their  fall  broken. 

foam. 

he  ttf-tion  of  the  apparatus^  may  be  explained  aa  follows  :  the 
itT  fltmiag  froni  the  upper  ba«in,  x^  drawa  down  with  it  a 
Piureut  of  air,  which  enters  through  the  holes,  g,  in  the  vertical 

Eipeh,  and  passes  into  the  lower  cistern,  c.  The  M'ater  which  ia 
rukyu  by  its  fall  on  the  bench,  escapes  by  the  opening  d,  whilst 
tlii'  nil*  wftich  has  been  di'awn  with  it  into  the  lower  box,  escapeg 
Liperture  E.  The  position  of  the  boards  constituting  tho 
[uillood  i3  easily  regulated  by  means  of  wedges,  which  allow 
jnt  of  a  larger  or  smaller  supply  of  water,  according  to 
jments  of  the  trompe.  In  order  during  the  working  of 
le  to  regidate  the  amount  of  air  passing  into  the  fur- 
diiferent  stages  of  the  operation,  each  of  the  de*CJ^Ti.d.- 
tohimns,  B,  B%  18  provided  with  a  plug,  ftU8\veT\^vsOl  \i^  m^ 
^Audmm  rod,  and  by  means  of  which  the  current  ol  "^ti^r 
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•hut  of  air  also,  is  readily  controlled  b] 
Liaviiig  oocadari  to  kare  the  workubop] 
nttached  to  the  other  ex^mity  of  the  ' 

t  purpose. 

euiployed  for  the  purpose  of  forging  the  t 

liL ^  ,  of  cast  iron,  nnd  weighs  from  12  to  14  tnvts. 

ift  iiiouuted  on  a  long  wooden  beam,  frequently  made  of  beed 
bouad,  for  the  sake  of  imparting  to  it  solidity,  with  nuni 
bsads  of  iron.    The  hammer  m^es  from  100  to  125  blow 
ntinute,  and  i«  raised  by  a  seriea  of  cams,  arranged  artmi 
wJe  of  a  water-wheel,  and  acting  on  the  end  of  the  wooden 
on  the  other  side  of  its  point  of  suspension.     The  an^il  i» 
{Kieed  of  a  block  of  iron,  fastened  by  a  tenon,  on  a  large  mi 
cast  iron,  which  is  itself  securely  bedded  either  on  a  woodei 
or  heavy  block  of  stone,  sunk  beneath  the  floor  of  the  found; 
In  order  to  understand  the  method  of  working  this  forge» 
BUppo.se  that  the  mass  of  iron  or  Iouim?  has  been  just  ex 
from  the  furnace,  and  that  the  workmen  are  ready  to  dcj 
the  heai-th  for  the  pm-pose  of  commencing  another  opemtioa.) 

To  do  this  they  first  remove  from  the  crucible  the 
charcoal  wliich  it  contains,  and  then  carefully  scrape  off  froi 
8 idea  any  ]>ortioua  of  scoriae,  or  other  fused  matter,  which 
adlioring  to  them.  They  now  again  throw  a  supply  of  bi 
cfmrcoal  into  t!ie  hearth,  which  they  subsequently  fill  with 
coiubustiblo  up  to  the  level  of  the  tuyere.  The  hearth  ia 
divided  cither  by  a  shovel,  or  piec^e  of  sheet  iron,  into  two 
ments  parullel  to  the  face  of  the  porges,  and  in  such  a  waji 
the  distance  between  the  porges  and  the  shovel  may  be  t' 
grt^at  m  tliat  compnsed  between  it  and  the  contrcvent.  CI 
is  now  added  in  the  space  between  the  shovel  and  the  tu] 
and  on  the  opposite  side  is  pili 
roasted  mineral,  reduced  to  pieces 
t  !ie  size  of  eggs.  The  shovel  1  - 
aiaed  in  proportion  as  the  t-j 
up,  and  in  this  way  a  saddle-biickod  btaJp? 
a,  &,  r,  fig.  143,  is  rai^d  against  the  con* 
trevent,  which  is  terminated  in  one  Abety 
tion  by  the  side  called  the  chio,  iitit?  rh** 
other  hy  the  face  of  the  cave,  '1 
JiicOj  rt  6,  iw  now  slightly  covered  wk 
damp  charcoal  powder,  and  the  spj 
between  the  heap  of  mineral  tuid 
pomes,  entirely  filled  up  with  freah 
coali  in  mofl'-^^'t' K  sij^ed  pieces. 
When  the  furnace  laaa  Vwen  \.V  vV,  tUe  tctmipc  is  id 
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vith  considerable  caution,  but  the  blast  is  progressivolv  incr('a:-od, 
Bntil  it  is  allowed  to  plav  into  the  hearth  at  its  lull  pre;<!*ure. 
WhQst  this  ia  goine  onwai^is,  the  heap  of  brcilven  ore  is  ^^dually 
iDUted  and  reduced,  and  the  workmen,  taking:  advantas^e  of  this 
■pportunitj,  forge  into  bars  the  mass  of  iron  produced  by  a  funufr 
Mneration,  and  which  for  this  purpose  is  coniinonly  di\ided  into 
iSur  sepuate  pieces,  or  manoumtette*.  These  fragments  are  placed 
|h  the  midst  of  the  mass  of  charcoal  lying  between  the  lieap  of 
ipn  to  be  wrought  and  the  nozzle  of  the  tuyere,  whicli  funii:«he3 
lir  necessary  for  carrying  on  the  combustion  of  the  fuel,  and, 
being  duly  heated,  are  placed  under  the  hammer,  by  which 
ore  made  to  assume  tbe  required  form. 
the  operation  advances,  and  the  fuel  is  consumed,  frt'sh 
~  is  added  to  supply  its  place,  and  the  powdered  mineral 
by  sifting  the  ore  as  it  comes  from  the  mine  is  slij^htly 
'  over  the  surface  of  the  fire.  These  siftings,  whicli  are 
greiUade,  are  slightly  moistened  with  water,  after  being 
on  the  hearth,  as  they  would  otherwise  be  liable  to  be 
away  by  the  force  of  the  blast,  and  have  a  tendency  to  pass 
^00  rapidly  towards  the  bottom  of  tlie  crucible,  through  the  inter- 
Jtkes  occurring  between  the  frngmentn  of  the  fuel. 

The  charccMl  in  the  immediate  neiglibourhood  of  the  tuyere, 
■Hi  on  which  the  full  action  of  the  blast  id  made  to  play,  bectmies 
l^idly  consumed,  with  the  formati(m  of  carbonic  acid  gas,  wliich 
ncipmg  through  the  surrounding  charcoal  heated  to  redness,  is 
■oon  reduced  to  the  state  of  carbonic  oxide.  This,  from  tlie  con- 
itniction  of  the  furnace,  has  to  pass  through  the  openings  left 
between  the  lumps  of  mineral,  before  finding  its  way  into  tlie  open 
Mr;  and  the  mineral  wliich  has  now  lost  all  traces  of  its  volatile 
nnstituents,  and  is  very  strongly  heated,  is  in  a  great  measure 
leduced  by  this  means  to  the  state  of  spongy  metallic  iron,  while 
the  oxide  of  carbon  is  at  the  same  time  converted  into  carbonic 
■dd  gas,  and  escapes  in  that  form  into  the  atmosphere.  Another 
portion  of  the  oxide  of  iron  present,  instead  of  bemg  obtained  in 
the  metallic  state,  merely  becomes  converted  into  i)rotoxide,  which, 
uniting  with  the  siliceous  matters  of  the  chargt*,  gives  rise  to  a 
Wge  quantity  of  very  fluid  scoria  or  slag,  which  acciunulates  on 
tile  bottom  of  the  hearth,  and  is  occasionally  drawn  off  by  the  hole 
left  for  that  purpose  in  the  face  of  the  furnace,  called  the  chio. 
At  the  expiration  of  two  hours  from  the  connnencement  of  the 

r nation,  the  full  blast  of  the  blowing  machine  is  admitted  into 
furnace,  and  the  greillade,  which  constantly  descends  with  ilio 
«id,  begins  to  ftumish  a  certain  quantity  of  slag  and  spongy  iron, 
^Ineh  accumulates  at  the  bottom  of  the  crucible.  At  tW  «^w^q^ 
<CtfaejmoaM(  the  founder  begina  to  prepare  for  the  fortcvoLVvviW  Kil 
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Bach  cMge  mniret  «x  boon  fior  Hi 
iroOf  but  dttrio^  toe  last  hour  of  fawn, 
nrc  not  othenriae  engagied  are  otmjiipd  ia 
readr  for  the  next  upentioii,  and  flifba^  Ihe 
be  tprmkled  cm  the  mxAce  dt  the  fire. 

The  weight  of  the  lizmji  of  metal  dma  obtained 
to  400  pousdn,  aceordiiigto  thefdseof  thefaniace,  simI 
cf  the  ore«  treated.     In  the  Pyrenees,  tina 
rtpenditure  of  three  times  its  weight  of  Carnal 
but  in  the  Polatiimte  the  amouiit  of  fuel  canmimfd 
oa  much  a»  aeven  timet)  greater  than  tiiat  of  the  n 

The  tnKal  ohtaiued  by  this  method  consist*  of  a 

of  mm  itiid  Bteel,  the  relative  proportions  of  ir'      

reflated  by  the  way  in  which  the  luniace  is  worked ;  ft 
Hiderahle  inclination  i«  given  to  the  tuyere,  and  the  sift 
plentifully  tlinjwii  <»n  the  fire,  the  product  is  chiefly  iron, 
the  no/.^Ie  be  nearly  horizontal,  and  the  gPeilJad'e  but 
auppiied,  a  large  product  of  steel  ia  the  result. 

In  Cor»ica,  and  along  the  whole  of  the  ^lediterranean 
It^ily,  ft  funiace  very  similar  to  the  Catalan   is  employo 
direet  production  of  malleable  iron.     The  hearth  of  tliia  f< 
giitit  ot  a  Hort  of  semicircular  basin,  excavated  on  the 
platform,  in  masonr}%  elevated  about  3  feet  from  the  surfii 
workuhop,  in  which  it  is  placed.     This  raised  mass  of  e 
vnriv*^  from  K  to  10  feet  in  length,  and  hjis  a  breadth  of 
(J  ieet.    The  hearth  lUeU,  'w\ik.\\  \&  1^  Wv^tt^i  m  i^amet 
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I  dppth,  is  formed  iii  bra^que,  a  mixture  of  charcoal  dust 
lav^  and  supplied  with  u  current  of  air,  by  a  nozzle  ttli)[;htly 
etV,  in  connectiun  \Aith  a  wattT  blowing  machine  or  trouipe. 

this  armngement,  although  the  operatioaa  of  roasting,  rcduc- 
d  fusion,  are  earned  on  in  the  same  furnace,  they  are 
le&s  dinded  int<i  two  distinct  processes,  one  of  which  con- 
ototing  and  partially  reducing  the  ores,  and  in  the  second 
idationof  the  half  reduced  ore  i«  not  only  continued,  but 
«i  and  aerglutination  also  effected. 

itin^e  the  furnace  in  order  to  aecomnliah  the  first  stftge 

]>nM'ea8,  a  small  quantity  of  charcoai  in  large  pieces  ia 

i   around  the  tuyere;    tliisi  is  again  surrounded   with  a 

broken  and  calcined  ore  from  a  previous  operation,  and 

!  in  another  circuhir  wall  of  ironstone  and  charcoal;  on  the 

>f  this  enclosure  of  charcoal,  the  ore  to  be  roaated  h  piled 

lumps,  and  the  whole  afterwards  covered  with  a  thick  layer 

oal  dust.     The  hnnpi*  of  uuroaMted  ore  of  which  the  outer 

composed  are   bo  an*anged  that  the  krger  and  heavier 

I    |iliiced  at  the  bottom  of  the  heap,  and  tinuly  imbedded 

iMj  of  the  hearth. 

r  i)iocea  are  piled  on  this  foundation,  and  sli*^htly 

/  araa  the  crucible,  in  order  that  being  supported  by 

within  the  enclosure,  they  may  be  more  steady  and  less 

>  fall.     T\\e  fire  is  kindled  by  tlnxiwing  some  pieces  of 

i-hareoal  into  the    inner  circle,   immediately   before   the 

this  19  afterwards  covered  with  large  pieces  of  black  char- 

1  the  blast  produced  from  a  water  bloiPVTng  miichino  aDo  wed 

iit<.  the  hearth.     At  the  expiration  of  about  three  hours, 

'  >  of  roasting  and  reduction  are  completed.     Tlie  inner 

masted  tjre  has  now  softened  and  run  into  lumps,  whilst 

ide  wall  of  raw  mineral  ia  calcined,  and  ceases  to  give  off 

ir  watery  vapour  or  sjulphuruus  funics. 

It*  lirt?  it*  theu  extini^uislicd.  and,  after  diminishing  the  outer 

of  calcined  ore,  and  iTinoving  tJiC  lumps  of  reduct*d  metal, 

Lfumace  is  prepared  for  the  second  operation.     To  do  this,  the 

10  entirely  cleared  out,  and  covered  with  a  thick  Uyer  of 

|Ue ;  two  heaps  of  charcoal-dust  are  aLso  piled  on  either  side  of 

■,  and  on  the  fuel,  wliiclt  Is  thrown  into  the  cavity  bt^twcen 

arc  charged  several  pieces  of  the  reduce<l  metal  obtained 

the  Hrat  upemtion.     Tlie  bluisit  ia  now  admitted,  and,  by  the 

of  the  siliceous  matters  present  on  tlie  unreduced  oxide  of 

cry  fuuible  slag  is  produced,  which,  together  with  the 

,ir  ^.u.tif  becoiucs  liquid, and  falls  through  the  ignited  coal 

I I  I    the  hearth,  where  it  accuuvukites.,    \W  C5ff\w\v 
tni  n.t<f  ilto  mvtal  bei*omo»  oxidised  by  tV\u%  ^i&&W\i\%^^ 


}\\gh  temperature  before  the  Ijlast  of  the  trompe,  and  tlie  in 
which  a^jsmnes  a  epongy  furm  in  the  lower  pnxts  of  the  crudUi 
at  the  close  of  the  operation  removed  bj  an  iron  hook  tobela 
into  bars  under  a  heavy  haninier.  The  sLig,  in  proportioil  ii 
aeeurniilates  in  the  basin^  is  let  off  bj  the  chio  or  flostt-holf/wM 
the  tUrafioe  m  constantly  supplied  ^-ith  &efih  pieces  of  ptrtW 
reduetnl  metal.  1 

Eiic'!i  lump  or  bloom  thus  manufaetured  requires  th]|Hi 
hall'liutirs  for  its  production,  and  weighs  about  i  cirte.  I^B 
this,  10  rwtvS.  of  ore  and  20  ewta.  of  charcoal  are  emplovtMh  9| 
of  burning  all  ehareoal,  a  mixture  of  that  ftiel  witn  dried  IM 
sometinies  used,  partieularly  for  the  first  operation^  in  which! 
roaatinj?  and  partial  reduction  of  the  ore  is  etfeeted.  The  a 
prepared  in  this  way  is  of  excellent  quality,  beinj[»  extremelfl 
and  nuilleable  ;  but  the  product  is,  in  comparison  to  the  quid 
of  ore  and  fuel  employed,  extremely  suifUl,  The  ore  whicU 
Corsica  is  thus  treated  la  a  specular  oiide  of  iron,  very  similAJ 
that  80  extensively  worked  in  the  island  of  Elba;  but  altlmuffl 
in  reality  contains  65  per  cent,  of  metal,  40  per  cent,  oou 
obtained  by  the  Oorsic-an  process.  1 

In  some  parts  of  the  Continent  an  apparatus  is  emp^^^'-'^  "^ 
holds  a  middle  jilace  between  the  low  hetoths  of  t 
Corsica  and  the  high  blast  fiu^uaces  now  so  generally  a<iii^M 
the  production  of  iron  from  its  ores.  These  fumoeeaH 
itUckofen  by  the  Overmans,  and  by  the  French /bMmeaM*  ^1 
are,  in  fact,  small  cupolas,  of  which  the  height  does  not  ordini 
exceed  15  feet,  and  of  which  the  diameter  at  the  hearth  maj 
about  3  feet.  This  ftimaee  is  usually  fumiihed  with  but  one  jj 
by  which  the  tuyere  is  introduced,  and  the  extraction  of  thifli 
effect<.*d.  The  olast  is  supplied  by  bellows  moved  by  9^| 
wheel,  and  the  slag  escapes  by  a  small  floss-hole  made  at  a  ref 
distance  above  the  bottom  of  the  crucible.  To  remove  the  ti 
or  bloom  of  spongy  mc4al  formed  in  the  hearth,  the  bellows  n 
be  first  removed,  and  a  hole  made  in  the  masonry  of  the  fum 
which  is  afterwards  temporarily  dosed  by  a  wall  of  bricks 
potters'  clay.  This  furnace,  when  tilled  up  witli  eliarcoal 
lighted  from  the  tuyere  hole,  and,  when  the  mass  has  been  j 
perly  ignited,  the  bhvst  is  admitted,  and  successive  ehani>^ 
roasted  minerals  and  fresh  chaR-oal  i^upplied  by  the  t^»nnel-b 
At  the  espiration  of  twenty-four  hours,  a  considerable  maai 
agj^lutinuted  iron  ia  found  to  have  accumulated  in  the  lieurth, 
side  of  which  is  now  lakcTi  down  and  the  ma^s  removed  by  *t« 
iron  bars  to  a  heavy  hammer,  \\  hero  it  is  reduced  into  a  cala 
throe  or  four  inches  in  thickness,  and  subsequently  divided  i 
two  equal  porta.    TYveac  ipv&cfea  aie  vj&v.feT«iMci*  t%i6.ut;d  in  a  m 
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eiy  of  peculiar  form,  where  they  are  held,  hy  powerftil 
"B,  exposed  to  the  action  of  a  current  of  air  from  a  nearly 
ntal  tuyere,  by  which  means  a  portion  of  the  metal  flows 
to  the  bottom  of  the  hearth,  where  it  accumulates  in  a 
y  mass,  and  is  drawn  out  into  bars  under  a  properly  con- 
ed hanuner.  In  Camiola,  where  this  process  is  employed  in 
eatment  of  a  granular  oxide  of  iron,  the  mass  taken  from  the 
ze  at  the  expiration  of  each  twenty-four  hours  amounts  to 
18  to  20  cwts.  This  is  afterwards  subdivided  into  smaller 
I,  which  are  first  flattened  under  a  heavy  hammer,  and  then 
d  by  being  exposed  to  the  action  of  a  current  of  air  which 
into  a  bloomery,  the  bottom  of  which  is  made  of  brasque. 
>m  the  great  quantities  of  charcoal  required  to  produce  a 
amount  of  malleable  iron,  these  methods  arc,  however,  falling 
y  into  disuse,  as  it  is  found  much  more  economical  first  to 
1  the  metal  in  the  state  of  cast  iron,  and  subsequently  to 
le  the  carbon  which  it  contains  by  exposure  to  oxidising 
noes,  than  it  is  to  prepare  soft  iron  directly  from  the  ore.  The 
ron  manufacturea  is  obtained  from  furnaces  in  which  char- 
is  the  only  fuel  employed,  as  the  impurities  which  always 
in  every  variety  of  mineral  combustible  in  a  greater  or  less 
e  combme  ^-ith  the  metal  and  depreciate  its  qiulity. 

p  the  manufacture  of  Steel,  which  wijl  be  now  described,  iron 
J  best  quality  only  is  employed.  The  iron  most  approved  for 
impose  is  obtained  from  Sweden,  and  marked  with  the  letter 
B  cux:le ;  hence  called  hoop  L.  The  other  varieties  of  Swedish 
although  superior  to  any  made  in  this  countiy,  except  the 
*stone  charcoal  iron,  is  not  so  much  esteemed  as  that  from 
emora  thus  marked ;  but  very  excellent  iron  of  this  kind  is 
factured  both  in  Bussia  ana  at  Madras,  and  is  largely  im- 
d  into  this  country,  where  it  is  extensively  converted  into 
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principally  difTera  from  wrought  iron  in  cotita^r"»i''  i 
certain  amount  of  combined  carbon,  and  in  being  ^ 
ble  of  having  its  hardness  much  increased  by  being  first  - 
beated  and  then  suddenly  cooled  in  wnter,     8tecl  is  al>  ' 

more  brittle  than  ordinary  iron,  but  Icsa  «o  than  cruu'  ' 
pig  iron,  which,  beaideu  conttiiiiing  a  larger  per^centiige  of  carb^^c- 
18,  moreover,  to  a  greater  or  less  degree,  combined  witb  otitff 
impurities. 

Thin  substance  is  prepared  for  the  purposes  of  th'  ' 

diftereut  processes^  of  which  one  is  precisely  the  cofi 
other, as  steel  maybe  made  both  by  causing i>ars  of  puiv  n 
iron  to  absorb  a  proper  amount  of  carbon,  and  al»o  by  • 
the  partial  oxidation  of  that  which  eiiwts  in  larj;?e  ex' 
of  the  better  kinds  of  ca«t  iix:>n.      In  this  counirs 
method  is  exclusively  adopted,  and  is  known  aa  **  the  proceas  bj 
cementation." 

The  furnace  in  which  this  operation  is  carried  on  is  rep' 
in  the  accompan^-ing  woodcut,  tig,  144.     It  coniwftt*  of  •., 
rectangular  buihfing  divided  into  two  parts  by  a  loni 
fire-place,  F,  which  passes  through  its  centre,  imd  is  pt... , 
a  door  at  each  extremity,  b}"  winch  the  fuel  is  supplied.     ' 
side  of  this  h  a  chest  or  trouffk^  c,  made  cither  tit  fin^-til- 
stone  grit,  and  so  supported  on  bricks  as  to  allow  of  the  ' 
flame  of  the  fire  passing  beneath  the  troughs  through  tl 
in  connection  with  the  chimnies,  o  o.     By  these  th< 
heat^^'d  air  escape  from  beneath  the  dome,  m,  which  i^ 
the  two  stone  cases,  and  the  tire-place  by  whi<*b  tin 
In  the  brickwork  at  one  of  the  cnas  of  i 
lef^  for  the  purpose  of  intr«>du*"iiit!  the 
furnace;  and  bv  a  larger  ; 
w  bricked  up  during  the 

Med  to  enter,  when  jt 
nr  remove  the  stce!  pt 
'  '  I'urufice   in  1 
M  hcln\il.  ^^\\l' 


HANrFACTUBE  OF  STEEL. 


305 


and  aldo  to  carry  off  the  smoke  and  gaseB  generated  bj 
»UBtion  of  the  fuel  empluyed. 


TQ  chesta  vary  from  8  to  15  feet  in  length,  and  from  2  feet 
to  3  feet  in  width  and  depth ;  the  araaller  cases  are  foimd 

luce  steel  of  the  luoBt  uiiiforiri  ijimlityj  but  are  less  economi- 

jrked  than  those  of  larger  size. 

depth  of  the  tire-pkce  dejjen  Js  both  on  the  nature  of  the 
euipfuycd,  and  also  on  the  dimeiLsiona  of  the  eases  to  be 
3d :  the  spiK-e  between  these  is  ueually  about  a  foot  in  width, 
in  some  instances  one  chest  only  i*  employed,  and  under 
Lprcum^ances  it  is  plaeed  immediutely  over  the  g^^te  on 
■  tbo  fuel  is  conitunied.  The  degree  of  heat  applied  ia 
med  by  opening  or  closing  the  openings  in  the  dome,  and 
■ing  the  amount  of  air  pasaing  into  the  furnace  through  the 
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to  which  is  added  about  a  tenth  part  of  its  weight  of  aflheii 
little  common  salt.  The  exact  action  eierciaed  ou  the 
metal  by  the  two  latter  ingredients  is  not  elearlf  uudm 
althougli  it  ia  probable  that  the  presence  of  the  halt  inav  * 
Titrify  anv  siliceous  particles  contained  in  the  charcoal,  i 
rent  their  entering  into  combination  with  the  iron  under 
uf  carburisatiou. 

To  charge  the  troughs,  the  space  between  them  is  cor&i 
with  a  plate  of  sheet  iron,  and  on  this  the  workman  stauilt 
ho  sifts  a  layer  of  cement  eveiil}'  over  the  bottom,  to  the  tW 
of  about  an  Inch-  This  is  firmly  pressed  down,  and  on 
regidarly  an*anged  the  bars  of  iron  which  are  to  be  couvert 
ateel.  Thefte  are,  in  order  to  allow  for  their  expansion,  cut 
shorter  than  the  trougli  in  which  they  are  to  be  cement 
are  placed  on  their  thinnest  edge  with  a  space  of  about 
inch  between  each  bar.  The  aame  apace  is  likewise 
between  the  lateral  bar»  and  the  sides  of  the  ease,  and 
layer  of  cement  is  now  siftt^d  in,  and,  after  beinp  e<]uaUy 
over  the  surlkee  of  the  metal,  is  tirmly  pressed  down,  bo 
may  entiriidy  (ill  up  the  interstices  krft  bt^tween  the  bars,  H 
this  were  not  scrupulously  attended  to,  would,  on  being 
become  welded  together  in  one  mass.  This  second  strti 
cement  is  about  au  inch  in  thickness,  and  on  its  surface  ia 
another  series  of  bars,  in  such  a  way  that  they  may  each 
the  cement  filling  the  spaces  left  between  the  first  by 
bottom  of  the  case.  This  is  continued  until  the  case  is  th 
to  Within  thrtT  inches  of  the  top,  when  the  remaining  flip* 
partially  closetl  with  old  cement  powdered,  and  afterwanls  OQ 
over  with  a  thick  layer  of  damp  siliceous  sand.  Some 
stead  of  using  sand,  the  iipper  space  is  entirely  filled  up 
cement,  and  in  this  case  tlie  top  of  the  trough  is  closeli 
over  with  refractory  tiles,  and  the  joints  made  tight  by  t 
cation  of  fire-eliiy.  8 mjdl  openings  are  also  left  in  the  cefi 
the  end  stones  of  the  cementing  troughs :  these  are  for 
pose  of  from  time  to  time  drawing  out  the  extremity  of 
order  to  examine  how  nearly  the  process  has  advanced 
completion,  llie  ends  of  these  bars  are  left  projecting 
beyond  the  cemeoting  vessel,  and  as  they  correspond  to  & 
doors  fixed  in  the  outer  brickwork,  are  easily  seixed  and  <I 
by  a  suitable  pair  of  tongs* 

When  the  furnace  has  been  charged,  and  the  iron 
removed,  a  little  fire  is  thrown  on  the  grate,  and  the 
dually  and  carefully  increased  during  the  first  tweutv'-fu 
If  this  were  not  atteaifed  riid  of  which  "the 

^•e  composed  ^'"""^'^"^^■^^  -vvA^^\Xv\& 
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ciiudueted  for  a  considerable  time  after  it  has  been 
tbo  second  day  the  fuJL  heat  of  the  furimce,  which 
100*  of  Wedgewood'a  pjTonieter,  ia  attained,  and 
*  up  durlug  the  reuiaiuder  of  the  time  oceu- 
'  If  thiii  be  exceeded,  the  metal  tjperated  on 

libU:  to  iiicilt  into  oue  mass ;  and,  il*  not  kept  to  this  tem- 
»,  a  longer  time  \nll  be  rt?quired  to  etfeet  the  cementation. 
Drtion  as  the  iron  absorbs  the  carbon  furuished  by  the 
of  the  troughs,  the  greater  i&  its  liability  to  melt ;  and, 
&ntly,  the  metal  'vrill  be  more  fuaible  towards  the  close  of 
fttiou  than  at  its  commencement, 

i  the  cementation  has  attained  the  desired  point,  fuel  Is  no 
applied  to  the  ^^te,  and  the  furnace  ia  allow  ed  to  cool 
Beveral  days  before  commencing  to  remove  the  charge. 
K  taken  out  of  the  casea,  the  cemented  bars  are  now  found 
irith  numerous  blibtera,  caused  by  the  lormatiou  of  gstscoua 
I  within  the  substance  of  the  metaJ,  and  from  this  circura- 
ke  8iib«tauce  »o  cjbtained  is  commonly  known  by  the  name 
redsteei. 

ime  required  for  the  production  of  steel  of  moderate  hard- 

ph  as  that  called  shear  steel,  may  be  reckoned,  on  aii 

at  from  gix  to  eight  days.     The  softer  kinds,  such  aa 

Iployed  in  the  manufacture  of  aawa  and  springji,  require  a 

onately  shorter  time  for  their   preparation  ;  but  the  very 

Ictlea  of  which  chiaek  and  other  cutting  tools  are  com- 

lust  be  expOMcd  to  the  earburising  influence  during  two 

'  additional  days.     A  furnace  of  this  kind  converts  at  one 

p.  from  eight  to  twelve  tons  of  bar  iron  into  blistered 

the  steel  thus  obtained  is  found  to  have  nbsorbed  about 

per  cent,  of  carbon  ;  but,  besides  being  subject  to  nume- 

lires  and  cavities  in  its  surfiKT,  its  coiap08ition  is  far  from 

I  and  it  consequently  requires  to  be  repeatedly  faggoted 

rn  out  under  a  tilt  hammer  before  it  can  be  ajjplied  to 

tifaeture  of  cutlery  and  other  objects  requiring  a  dense 

Qrm  material.     The  tilt  hannner  employed  for  this  purpose 

rom  loQ  to  2CH)  pounds,  and  is  worked  by  a  water-wheel, 

ale  of  which  are  placed  cams,  which,  actiug  on  the  tail  of 

ncr,  in  rapid  succession  raise  its  head,  and  then  allow  it 

avily  on  the  metal,  wliich  rests  on  an  anvil  placed  imrae- 

eneath  it,  and  nearly  on  a  level  with  the  floor  of  the 

in  which  the  tilting  is  earned  on.     The  workman  who 

nuLss  imder  the  hammer,  and  guides  it  so  as  to  be  drawn 

mre  of  the  proper  length  and  thickness,  is  seated  in  a 

k   for  thut  purpose   below  tlie  level  of  t\v 

ia  aujtpvudad  Hvm  the  roof  of  tbeWVt 
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iron  rods.    The  hammer  employed  makes  from  200  to  300 
^^  minute,  and  tbe  workman  who  is  thus  suspended  is 
a  slight  impulse  of  his  feet  to  move  the  bar  in  anv  pos 
may  require  with  the  greatest  po8sible  ease.     Comiecte 
hammer  is  ti  forgo  hearth  for  heating  the  bars  of  sftet 
placed  on  a  rabed  mass  of  masonrv,  and  is  supplied  with  » 
of  air  by  means  of  large  bellows  axed  just  below  the  nvf 
shop,  and  which  communicate  with  the  tuyen*  bv  a 
These  bellows  are  set  in  motion  by  a  small  crank  an 
simft  of  the  water-wheel,  and  eoniieeted  with  the  lower 
a  stout  wire  acting  on  a  simple  lever. 

Tbe  faggots  of  blistered  nteel  are  made  by  binding  in  a  bt 
around  a  bar  of  double  that  length,  four  pieces  of  eight-een 
long,  which  are  secured  in  their  places  by  a  small  baud  of 
iron,  which  is  subsequently  removed.     These  faggots  are  pi 
the  fcn'ge  hearth  until  they  have  attained  a  strong  weldmg 
when  they  are  sprinkled  with  eihcecms  sand,  in  order  Xa 
them  a  vitreoua  covering  of  fusible  iron  ahig,  and  plained  unt' 
hammer,  where  they  are   lirst  welded  together,  and 
drawn  out  into   uniform  roda  of  the  size  beat  adapted 
purpuHcs  for  which  they  are  intemled  to  be  used.     The 
which  ha?  been  thus  treated  is  found  to  have  become  much 
and  more  hoinogeneous  in  its  structure  than  before  it  was  subj< 
to  tbe  hammer,  and  is,  consequently,  not  only  capable  nf  m 
a  higher  polish,  but  has  idso  acquired  during  the  op* 
sidentble  amount  of  tenacity,  malleability,  and  du* 
much  enhances   its  value  for  the  manufacture  of  knives,  apr 
and  many  similar  objects.     The  name  of  shear  gteei   has 
ajqdied  to  this  commodity,  from  the  circumstance  that  the 
for  dressing  woollen  cloths  are  commonlv  made  from  metal 
has  been  thus  taggoted,  and  afterwards  drawn  into  bars.     Earh( 
the  men  employed  at  the  tilt  hammer  is  assisted  by  two  b' 
take  from  him  the  bars  which  have  been  drawn  out  on  i 
jind  in  their  place  supply  him  with  faggots  heated  to  the 
point  in  the  forge  hearth.     When  the  bars  to  be  worked  an*  suiilll 
the  heat  acquired  in  the  tire  sotm  passes  off,  and  the  met;' 
when  tirst  placed  under  the  hammer,  was  red  hot,  quickl\ 
to  a  darker  hue.     By  the  rapid  m:tion  of  the  hammer,  tlie  ; 
ture  is,  however,  in  a  short  time  again  raised  8uihcientl\ 
on  the  forging  of  the  bar.  and  it  is  a  curious  sight  to  il 
piece  of  metal  forged  by  ihe  heat  developed  by  the  intenh. 
and  attrition  set  up  between  its  own  atoms.     In  the  n- 
hcMid  of  Sheffield,  where  large  (juautities  of  this  steel  are  |' 
(or  the  nuuiutacture  of  eutlm-y,  it  is  customary  for  the 
to  buy  the  blistered  isVceV  *m  it*  tbwj  ssXsiJw:,  mci^ 


MAJfrFACTUKE  OF  KATrHAJ*  STEEL. 


309 


the  tilt  mUl,  where  it  is  drawn  into  bars  previous  to  being 
rked  into  knives,  chisel^  scissors,  and  other  cutting  instruments. 
V  \uM  tm  the  crude  bars  during  this  operation  is  estimated  at 
ti  5  to  H  per  cent, 

"Wlien,  instead  of  eauslng  pure  iron  to  combine  with  a  due 
>portioti  ot'rarlioD,  stettl  is  produced  by  the  partial  deearbiiriaa- 
t>f  a  superior  kind  of  east  iron,  the  resulting  product  is  known 
the  name  of  natuni/  steel,  which  for  many  purposes  is  pre- 
to  that  (ibtained  by  t!ie  process  of  cementation  as  practised 
this  country.  This  variety  i*  largely  niauiifactured  in  many 
of  (}erntany,  and  particularly  iu  Htj  ria  and  Silesia,  where 
I?  the  purest  and  best  description  oi'  cast  inin  is  empkiyed  in 
lion.  The  crude  iron  best  adapted  for  this  purpose  is 
t'd  from  spathose  ores  containing  a  certain  portion  of 
*ei*e,  and  which  present*  when  broken,  a  shining  lamellar 
This  iron  is  produced  in  charcoal  furnaces,  and  refined 
»  small  bloomery,  similar  to  that  used  in  some  parts  of  the 
inent,  for  the  production  of  wrought  iron  from  the  crude 

Ai\«r  having  filled  the  hearth  with  burning  charcoal,  six  or 
m  plates  of  lamellar  cast  iron  are  successively  melted  before 
Wist  of  the  tuyere :  these  plates  are  from  an  inch  to  an  inch 
a  half  in  thickness,  and  are  placed  perpendicularly  in  the 
th.  At  the  commencement  of  the  operation,  a  certain  qimn- 
of  rich  slapj  and  iron  scale  struck  from  the  loupes  by  the  large 
ler  is  added  to  the  charge,  which,  melting  on  the  surface  of 
cast  iron  when  in  a  fluid  state,  ojjsists  in  the  osidatioa  of  the 
m  which  it  contains. 

'hen  the  first  plate  is  in  a  perfectly  liquified  state,  and  hiia 

Ifctwl  at  the  bottom  of  the  crucible,  it  is  at  first  nearly  fluid, 

being  there  subjected  to  the  oxidising  influences  of  the  rich 

by  which  it  is  covered,  it  rapidly  loses  a  portion  of  its  com- 

carbnn,  nnd  becomes  thickened  into  a  pasty  mass.     At  thii 

tbt  Another  plnt<e  is  fused  by  being  brought  directly  before  the 

and  this  falling  in  drops  to  the  bottom  of  the  hearth,  again 

fluidity  to  the  whole   mass   of  metal  there  accumulated. 

ider  the  united  influence  of  the  blast  and  the  oxidising  slags, 

in  its  turn  loses  a  portion  of  its  carbon,  and  becomes  pasty* 

]>bt4?  is  now  melted  in  the  same  way  as  the  two  <onn«*r 

,i^lit  care  is  taken  that  the  falling  drops  of  liijuid  metal  mav 

»ived  on  tlie  centre  only  of  the  mt»lten  mass  vvhicli  is  col- 

ai  tlie  bottom  of  the  hearth.     The  middle  of  the  loupe  only 

Hrd  by  the  fused  cast  iron,  and  this  is  surrounded  by  an 

.<  of  spoDgA*  metal  which  does  not  aaswme  lV\e  \\o^\k\\ 

ii.'i  opvrutian  tn  rrpvs^tcd  until  six  or  e\g\it  ^\«t\JBft  ii^  ^     - 
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iron  hare  been   sueccRsivelif  melted,  at  the  expimt 
time  from  3001b?i.  to  450  \h».  of  epougy  iron  will  havt 
at  tho  bott^jm  of  the  funmce.     The  aooria?  are  at  this  point  of 
operatiim  run  off,  and  the  kjupe  m  raided  from  oraoiig^t  the 
by  whit'h  it  is  covered,  and  divided  into  wedge-shaped  fr 
by  being  cnt  according  to  a  series  of  lines  rndiatinp;  from  it» 
to  the   circuiiiferenco.     By  operating  in   this   wav,  the 
masses  of  crude  metal  will  be  found  to  hare  a  nearly  similar 
poaition,  but  as  the  cake  from  which  they  are  cut  m  itself  far 
noniogeneous,  the  ditJerent  pafts  of  the  same  fragment 
exhibit   precisely  the   same   degree  of  carburiaation.     It 
quently  follows  that  these  hpim,  which  are  now  drawn  into 
will  yield  rods  %'ery  differently  constituted  at  different  pointo 
their  length.     To  remedy  this  defect,  and  to  give  at  the 
time  p^'ater  density  to  the  finished  steel,  the  bars  of  rough 
are  now  handed  over  to  the  refiner,  who,  after  baring  hear 
hot,  and  siibsequeutiy  cooled  it  by  fdiinjs^ng  in  coJd  wai 
each  bar  hy  one  of  its  ends,  and  allows  it  to  fall  heavily  o^\ 
placed  for  that  piiniose  on  the  tloor  of  the  workshop, 
treatment  the  most  orittle  part  of  the  bar  is  immediat-ely  li 
and  on  striking  a  still  harder  blow  in  the  ^anie  way,  'aw 
less  carburetted  fraginent  hecotries  broken  off,  whil 
portion  which  remains  in  the  refiner's  hands  merely 
peciUiar  steely  iron,  which,  in  many  countries,  is  much  u-<tHl  lur 
iorming  the  teeth  of  harrows,  plough-sharea,  and  other  agnciiltuni 
implements. 

The  parts  broken  off  by  concussion  are  aasorted  a<*cording  % 
the  structure  of  the  fmetuj'ed  ends,  and  are  subjected  to  a 
of  manipulations  destined  to  communicate  to  them  s^reater  dpnuiw 
and  uniformit}^  of  com3>osition.  For  this  purpose  care  is  tukru  ro 
weld  together  a  piece  f»f  the  hardest  steel,  and  one  which  is  tuudi 
less  carburetted ;  tho  bar  thus  obtained  is  afterwards  henterl,  awl 
hardened  by  being  plunged  into  water,  and  tliis  is  again  hrwkec 
as  before  described,  and  subsequently  united  into  one  bar,  and,  if 
necessary,  subjected  to  the  same  process  until  perfect  umfirniitT 
of  structure  and  composition  has  been  obtained.  It  is  rasds  \w:^ 
Ceived  that  by  this  treatment  the  desired  result  ^^^ll  be  ultimately 
attained ;  but  this  it*  produced  at  a  considenible  expense  i»f  labouf 
and  fuel,  and  is  attended  mth  the  loss  of  a  greater  or  less  fH»rtiall 

I  of  the  crude  steel  employed.  If  this  mode  of  treatment  wrrt 
carried  too  far,  it  is  also  evident  that  the  whole  of  the  cornlnned 
carbon  would  be  gnulually  removed,  and  the  steel  event^ially 
reduced  to  the  state  of  malleable  iron.  To  prevent  this,  the  surlk^ 
of  the  faggoted  bars  is  sbghtly  covered  with  a  coating  of  fin*'  flay, 
irlueli,  lUiiting  wttb  ft  Bmoii  ^or^on  ot  oTddc  of  iron,  giTw  rips  to 
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m  of  a  faaible  elog,  by  which  the  enclosed  metal  is,  in 

isare,  protected  IJxDm  the  oiidiaing  influences  of  the 

The  steel  ronde  by  this  process  is,  when  carefully  prepared, 

Meiit  tjuality,  and  is  for  many  purposes  preferred  to  that 

the  cementation  of  malleable  iron. 

^  iration  of  steel  is  sometimes  effected  directly  from  the 

in  the  Catalan  fumaoe  before  described,  and  by  this   pro- 

The  w  hole  of  the  steel  employed  in  many  localities  is  exclu- 

iitaziufactured. 

irepare  gteely  iron  by  the  Catalan  method,  the  {punder 

diminishes  the   quantity'  of  siftings   which  are   usually 

.  " .  d  on  the  fire  during  the  process  of  smelting,  and  takes  care 

nm  off  the  clinker  very  frequently  in  order  to  diminish  its 

rburetting  influence  on  the  metal :  he  also  keeps  the  loupo, 

formed,  covered  over  with  lighted  charcoal,  which  prevents 

rt  from  playing  too  strongly  on  the  spongy  and  partially 

mass.     It  is,  moreover,  known  by  eiperience  at  what  mo- 

the  operation  shoidd  terminate,  and  the  foupe  is  then  cut  into 

I,  and  drawn  out  into  bars^  which,  al'tt^r  being  hardened,  are 

on  an  auvil,  and  the  harder  portions  carefully  separated 

the  more  steely  iron,  which,  from  its  hardness,  is  for  many 

jses  much  esteemed. 

Although  the  bars  of  steel  may  be  made  to  acquire  a  tolerably 

">rm  density  and  composition  by  repeated  workings  under  the 

imer  in  the  way  already  described,  yet  this  method  of  obtain- 

the  result  is  both  tedious  and  eipensivet  and  it  i^  moreover, 

id  impossible  to  produce  steel  having  a  ptTfectly  homogeneouB 

tcture  without  subjecting  it  to  fu8ion,  at  a  verj'  elevated  tem- 

9,  in  an  arrangement  properly  constructed  for  that  purpose. 

steel  which  is  to  be  fused^  and  thus  converted  into  cast  steel, 

m  a  crucible  made  of  refractory  clay,  which  is  afterwards 

ly  heated  in  an  ordinary  wind  furnace  in  ctimiection  with  a 

imney,  by  which  a  strong  natural  draught  is  obtained.    Thia 

;e  consists  of  a  square  prismatic  cavity,  of  about  one  foot 

side,  lined  witli  good  fire-bricks,  aud  having  a  depth  of 

two  feet  from  the  surface  of  the  platftinm  to  the  fire'bare,  by 

ich  the  fuel  is  supported. 

iniediately  under  the  cover  is  a  flue,  about  four  inches  by  aix, 

ducting  the  smoke  and  gases  into  the  chimney:  this  admits 

ig  closed  by  an  iron  damper,  by  which  the  draught  may  be 

regulated,  or,  if  necessary,  entirely  shut   off.     In   most 

several  of  these  furnaces  are  aminged  ai'ound  the  w^alls 

iie  fciundry  at  a  height  of  a  lew  iochcif  only  above  the  level  of 

floor,  and  are  so  constructed  that  the  ash-pits,  which  are 

th  the  floor^  are  hj  c^ommuniaitioQ  with  a  gnkli&x^  «\U2^J 
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low  the  laboratory,  and  covered  over  with  an  iron  gwitijig,  ^*^| 
at  the  same  time  secures  a  firra  footing  for  the  workman  ^M 
allows  a  free  passaeje  for  the  air  necessary'  to  the  effit-ieut  ^H 
rapid  coinbustioii  of  the  fuel.  The  cruriblea,  which  for  thi«  purfMl 
are  mude  of  a  very  refmctory  uiaterial,  are  placed  Lu  the  furoBi 
on  a  sole-piece  of  Hre-clay»  aud  are  tilled  with  pieces  tpf  blis^H 
>1lteel  broken  into  small  ffafrments,  aud  sonietimes  protected  ^H 
oxidation  by  the  addittou  of  a  ^mall  quantity  either  of  buttle-^H 
or  faroace  slag.  ^H 

The  charge  of  each  crucible  is  about  30  Iba.,  and  the  fuel  ^| 
ployed  for  it:*  fusion  is  hard  sonorous  coke  broken  into  pi^| 
of  the  size  of  eggs.  At  the  expiration  of  from  three  to  I^P 
hours,  the  operation  is  complet*^d,  and  the  crucible  being  oB 
withdrawn  Irora  the  fire  by  ton^s  having  strong  concave  jawi,  tB" 
scoriie  on  the  surface  are  carefully  n^oioved,  and  the  melted  niflfl* 
poui'cd  into  rectfinguhir,  or  eif^lit-sided  moulds  of  cast  iron.  ^H 
The  steel  thus  obtained  is  much  denser  and  harder  under^^f 
hammer  than  that  made  by  tilting  the  ordinary  blistered  barijH 
shear  steel ;  it  is  also  necessary  to  take  considerable  precaut^H 
in  forging  this  material^  as  at  a  teuiperature  a  little  above  achl^B 
red  heat  it  becomes  so  extremely  brittle  a«  to  break  when  stnH 
Ciist  steel  may,  however,  be  welded  by  the  iut4?rposition  of  s^| 
lilm  of  borax  between  the  surfaces  to  be  united,  and  it  nii^^| 
readily  and  tinnly  attached  to  iron  by  placing  a  bar  of  that  t^H 
having  one  well-polished  surface  in  the  mould  into  which-^B 
liquid  metal  is  poured.  By  this  treatment  the  steel  becomes  ^H 
fectly  united  to  the  pnlished  surface  of  the  iron  bar,  and  is  so  fij^B 
attached  as  to  admit  of  both  being  roiled  out  together  into  fS 
of  any  given  dimensions.  The  two  metals,  when  thus  miitcd,  fll 
frequently  employed  for  the  manufacture  of  chisels,  plaut^-irOBlB 
and  other  cutting  instruments,  in  which  the  cutting  e<ige  being  ll 
steel,  and  tlie  opposite  side  of  ir^jn,  the  hardness  of  the  one  MM 
the  toughness  of  the  other  are  successfidly  combined.  ^ 

A  variety  of  cast  steel  kiiowTi  by  the  uame  of  Wootx,  or  In^U 
•el,  ia  prepared  by  the  natives  of  that  country  by  the  treatmcn 
a  very  pure  ore  consisting  almost  entirely  of  magnetic  oiiM 
iron.  1 

This  ore,  when  extracted  from  the  mine,  is  contaminated  ritli»( 
certain  quantity  of  siliceous  and  earthy  matters,  from  which  it  if 
separated  by  a  process  of  wHnnowing  principally  carrie<I  nn  hr 
women,  who  are  extremely  dexterous  in  this  art.     The  fi: 
which  these  ores  are  melted  is  entirely  composed  of  n 
clay,  and  is  from  four  to  five  feet  in  height.     Its  shape  is 
truncated  cone,  its  internal  diameter  at  tho  bottom  bein; 
two  feet,  whilst  t\io  up^^si  exfcwixwi^, <yc  tvwMwil-Uole,  is  tuii  Bbon 
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^  foot  across.  A  funmoo  of  this  kind  requires  but  a  few  houra 
its  erection,  and  is  usually  BufHi*it'ritly  dry  on  tht?  folluwiug 
f  to  ailiuit  of  being  at  onco  set  in  active  ojwmtion.  It  i«  now 
ed  with  charctmi,  which  is  ipiited  by  the  tnyenvhole  near  the 
Hum,  tkud  a  current  of  jiir  ia  suppUed  by  a  pair  of  »heep-ykin 
Hows,  of  wliich  the  bamboo  nozzles  are  united  in  a  tube  rouglily 
Me  of  fire-cky, 

lTri..>i,  the  eonibuBtion  going  on  within  the  furnace  ia  eonsidered 
iy  active,  a  portion  of  tbe  ore,  aHsfhtly  moistened  with 
1^  ndded  on  the  top  of  the  fuel,  and  another  layer  of  charcoal 
B|iT€»ad  on  its  surface, 

e  operation  \s  carried  on  in  this  way  with  successive  charges 

ore  and  charcoal  during  three  or  four  conaecutive  hottn* ;  at 

end  of  that  time  the  blaat  is  atopped,  and,  after  oj^ning  the 

t  of  the  furnace  by  destroying  a  |K»rtion  of  the  clay  walK  the 

id  reTnoved  by  a  pair  of  heavy  iron  tonga.     The  mass  is 

iHfM^lui'ntly  beaten  with  heavy  wooden  mallets  to  expi-eas  aa  much 

^'le  of  the  Blag,  and  after  being  cut  into  two  parts  to 

iO  nature  of  the  metal,  is  sold  to  tho  native  smiths,  who 

S»  it  into  bar-iron. 
%  convert  this  iron  into  steel,  the  natives  heat  it  in  crucibles 
B  of  refractory  clay  mixed  with  a  large  quantity  of  rice-husk, 
tu  these  is  placed,  together  with  the  metal  to  be  converted,  a 
lltaiu  portion  of  finely-chopped  wood,  for  which  purpose  the 
ajLrni  iitnticulata  is  commonly  preferred,  The<^uautity  ot  iron  put 
crucible  does  not  usually  exceed  a  pound  in  weight,  and, 
;< .  ,  . ,  cring  the  pots  with  one  or  two  green  leaves  of  the  Von- 
titmfM  lavrifoHm,  they  are  finnly  closed  with  a  little  wettetl  clay, 

the  clay  plugs  have  become  sufficiently  hardened,  from 
J  X.)  ^4?  of  these  tTucibles  are  built  in  an  arched  form  on  the 
ttttum  of  a  small  bla^^t-funiace,  and  strongly  heated  during  from 
bo  to  three  hours  with  a  blast  produced  as  before  described.  At 
bd  expiration  of  this  time,  the  conversion  is  considered  to  be  com- 
» *  '  "(1  ;  the  fumtieo  is  then  allowed  to  cool  down,  and 
;ire  removed  and  severally  broken,  when  the  steel  is 
ill  the  fonn  of  a  rounded  button  occupying  the  bottom  of 
.  The  metal  thus  prepared  is,  for  the  purjwses  of  tho 
dfi  of  cutlery,  preferred  to  the  best  specinjens  of  English 
manufactured  fnmi  selected  Swedish  bar-iron, 
of  steel  be  first  strongly  heated,  and  th*'n  allowed  to 
FTT  L-^radually,  it  becomes  almost  as  soft  as  ordJnarv  iron, 
-tato  adnuts  of  being  filed,  cut,  or  turned  with  the 
But  if,  after  being  thus  made  red  hot,  it  bo  auA 


5 


314 


STEEL, 


denly  cooled  by  he'mrt  plunged  into  water,  or  nny  other 
beconiea  eitrcraely  biird  aud  brittle,  aad  i$  then  soi 
hardeued.  iSteel  thus  treated  is  found  to  possiess  a  lowei 
gravitv  than  li^fore  being  hardened,  but,  on  being  again 
and  allovvi'd  to  cool  douni  graditallj,  ita  original  softn 
malleabOity  are  restored. 

In  manufiw-'turing  objects  of  Bteel,  the  m€«tal  ia  worked 
required  fonii  when  in  the  soft  state,  and  is  8ub&equcntly 
by  beiu;T:  strongly  heated,  iind  then  suddenly  eooled  by  i 
in  void  water. 

In  doing  this,  however,  it  is  found  extremely  difficult  i 
at  the  exact  degree  of  hardness  best  fitted  for  the  pii 
which  the  instrument  is  to  be  applied,  and  it  is  therel 
tomarv,  in  Kuch  cases,  to  give  to  the  metal  in  the  first  ii 
considerable  degree  of  hardness,  and  afterwards  render 
elastie  and  coherent  by  an  operation  called  tempering,  oral 
in  which  the  workman  is  entirely  guided  by  the  various 
assunied  by  the  sm-face  of  the  metal  during  the  progn?j 
operation.  These  tints,  some  of  which  are  extremelv  brill 
occasioned  by  xery  thin  films  of  oxide  correaponduig  \f 
fiiderable  exjictitude  to  the  degree  of  heat  to  which  the 
erj)08ed,  and  consecjuently  serve  as  a  tolerably  accurate 
determining  the  state  of  hardness  to  which  the  object  I 
reduced. 

The  following  colours  ivill  appear  in  succession  on  th« 
of  a  plate  of  hardened  and  polished  steel  %vhen  exposed  ' 
gressive  heat.     A  pieee  of  polished  and   hardened  stce 
quently  heated  to  430-  Fahr.,  has  a  faint  yellow  colour,  oui 
suited  for  hiiurts  and  other  instniments  requiring  nn 
fine  edge.     When  tempered  at  450°,  a  faint  straw  eolou* 
obtained,  which  i»*  well  adapted  for  razors  and  sur^jjcon 
tating  knives.     Steel  seasoned  at  470*^  is  of  a  full  yellow 
this  is  tougher  than  the  above,  and  is  the  tint  to  which  p«| 
are  usually  tempered.     At  490°  it  acquires  a  brownish  ye" 
which  is  the  colour  best  fitted  for  cold  chiseb  aud 
cutting  metals. 

Axes  and  plane-irons  arc  tempered  at  about  SIO'  Fahl 
developca   a    orowu  shade   intermixed  with   purple  apo1 
table-knives  and  cloth  slicars,  a  temperature  of  530"^  is  ei 
which  gives  a  purple  colour  to  the  metal  so  tn^atcd,     Fot 
and  watch-spnngs  the  metal  is  allowed  to  cool  when  of 
blue  colour :  this  tint  very  nearlv  corresponds  with  a  torn 
offiSO^Fahr.  ,  '  " 

Wben  heated  to  560%  stoel  assumes  a  fine  blue  colouTi 


TEMPHsnca  or  btzel. 


ai5 


fltAge  well  adnpt^'d  for  Bmall  shears  and  ordinary  chiBeb. 

it  take*  a  «iark  blue  colour,  which  in  that   be»t  fitted  for 

Sflws,  the  teeth  of  which  require  to  be  bent  by  a  hammer 

when  the  [)late  has  assumed  anr  one  of  thetse  colourB,  it  be 

owed  to  cooL,  it  will  be  found  to  still  retain  that  tint,  which  wiD, 

b  the  givme  time,  corref«|>ond  to  the  degree  of  hardneiw  imparted 

K»  the  iu^tnmient  thus  tempered. 

'  In  order  to  reduce  the  hardnesa  of  steel  which  has  been  too 
l^y  carburised,  or  remove  the  exeee©  of  carbon  united  with  the 
'^"  portion  of  a  bar  of  that  metal,  and  consequently  render  its 

I  LOii  more  nearly  identical  throughout  iti*  whole  sobstanc^. 
Ay  uecejifiBTy  to  expose  it  for  a  certain  period  to  a  cement- 
when  imbedded  in  finely-powdered  oiide  of  iron,  or  oxide 
fl  manganese.     In  this  way  the  oiygen  of  the  oxide  gradually 
N>!!9iiiTies  the  eice«e  of  carbon  preaent,  and  if  allowed  to  remain 
to  this  action  for  a  gufficient  length  of  time,  the  steel  firat 
-    externally  converted  into  soft   iron,  and   subsequently 
all  it«  steely  propertieH.     A  method  of  treatment  analogoua 
a  is  sometiraes  employed  for  the  decarburii^ation  of  ordinary 
a,  which,  fi^om  the  ucility  with  which  it  may  be  caat  int4) 
esired  fonn,  possessea  certain  advantages  over  malleable  or 
"  t  iron,  which  can,  by  forging  alone,  be  worked  into  «hiipe^ 
pa,  bita,   buckles,   and  other  object*,  are,  therefc/re,   afler 
made  of  cast  iron,  occaaionall?  transformed  into  malleable 
by  a  pfoceae  of  deearburiaation  analogoua  to  that  aboTO 

>!,  on  being  moistened  with  a  drop  of  dilute  nitric  aetd^ 

a  dark-grev  spot,  whilst  that  obtained  on  malleable  iron 

80  treated  la  of  a  green  colour ;  and  this  test  caOBt^tiiiitly 

a  ready  means  of  distinguishing  between  the  tn'O  fbffiDt  of 

metal. 

The  cementation  of  steel  may  also  be  effected  by  rxpfiwng  tho 

at  a  proper  temperature  to  the  action  of  carbur»'tte<t  hydrogro 

and  on  this  principle  a  patent  was  aome  time  iiince  obtained  j 

the  steel  thus  produced  is  of  eieelleiit  quality,  the 

rthelesa  does  not  appear  to  be  capable  of  econotiiicaJ 

"u,  and  has  conseciuently  fallen  into  dwiue. 

:  peritiients  of  Stodart  and  Faraday  hare  shown  that  when 

IB  fuBcd  with  either  platinum,  aOrer,  rhodium,  or  iridium,  itt 

as  becomes  much  increased  by  the  addition  of  but  very 

juantities  of  these  metals ;  but  such  alloys  have  never  been 

to  the  manufacture  of  ordinary  cutlery,  and  are,  conte* 

rather  matter  of  scientific  interest  than  of  commercial 
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tmall  tools  liabk*  to  become  worn  by  friction,  arc 
temallj  converted  into  steel  by  a  process  of  cemen 
arrested  when  the  operation  is  supposed  to  be 
vanced.     Such  articles  are  said  to  be  coAe-hurdened^ 
lute  mall  J  composed  of  malleable  iron. 

The  damaskiugj  of  steel,  by  which  its  surfiu!^  u  «► 
variety  of  figures  reaerabling  the  water  lines  on  sotne 
silka,  ia  produced  by  repeatedly  drawing  out  and  8 
doubling  up  and  welding  together  a  bar  cotnpoeed  of  a  mi 
steel  and  imn.     When  an  instrument,  such  as  a  bavuuet 
barrel,  made  of  thia  metnl,  h  washed  with  a  weak  arid  «ol 
Burlace  becomes  in  a  greater  or  less  degree  unequally 
and  this  gives  rise  to  peculiar  wavy  figures,  such   as  thi 
may  be  observed  on  the  once  celebrated  sword-blades 

AnalypiU  of  ntetl  and  Ciut  Iron. — Both  steel  aui 
essentially  consint  of  variable  compounds  of  iron  and  csj^ 
they  also  contain  a  certjiln  amount  of  other  substance*, 
flibcnin,  sulphnr,  phosphunis,  and  manganese,  and  1  sbi 
briedy  describe  one  of  the  more  ethcicut  methods  by  whi< 
bodies  may  be  successively  separated  from  each  otber^  an< 
quently  estimated. 

The  carbon  contained  in  ordinary  c^ist  iron  may  either 
tlie  form  of  free  disseminated  carbon,  or  in  a  state  of  ( 
combination  witlj  the  iron  itself.  It  is  therefor©  necessary, 
analyses  of  these  substances,  to  be  enabled  to  distinguish  h 
the  amount  of  carbon  so  combined,  and  that  which  is  onl; 
minated  in  a  plumbagitious  form.  The  quality  of  pig  iron 
materially  affected  by  the  presence  of  CYcn  minute  quaati 
either  sulphur  or  pbosplKirus,  and  it  is  consequently  nece; 
be  enabled  to  detect  and  estimate  these  bodies  w  ith  »  const 
degree  of  accuracy.  In  this,  as  Ln  most  other  analytical 
tions,  it  is  first  necessarj^  to  rednce  the  substance  to  be  et 
to  the  state  of  a  very  finely  divided  powder,  m  order  thi 
various  rcHgenta,  to  the  action  of  which  it  is  to  be  subject^ 
the  more  readdy  be  eruibled  to  produce  the  required  modiiif 

If  grey  pig  iron  of  good  quality  is  to  be  examined,  it 
found  to  yield  readily  to  the  action  of  a  new  and  well-! 
file,  and  the  detached  partielea  may  be  afterwards  passed 
a  sieve  of  fine  gan^e,  in  order  to  separate  the  coarser  fraj 
Wlien  white  cast  iron  ia  to  be  analysed,  it  wilLr  from  it«  i 
hardness,  be  found  impossible  to  reduce  it  to  powder  by  thii 
ns  it  not  only  almost  entirely  resists  the  action  of  the  file, 
filings  so  obtained  would  to  a  eonsider*»ble  extent  be  contai 
bv  the  particles  nibbed  off  from  the  lile  itself.  In  this  c 
6est  method  of  reducing  tW  mfttal  tAi  ibe  tecyiired  state  of 
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to  subjet't  it  to  the  repeated  blows  of  a  mallet  op  heavj 

len  plaJced  in  a  cjwt-Bteel  mortar  of  the  kind  employed 

dome  of  the  harder  deacnption  of  uiinerals,  and  after- 

iug  the  pouudud  metal  through  u  ^auze  Hieve  to  Bcparate 

ck'8  which  have  not  beeu  suffii-iently  reduced  in   size. 

obtained  in  this  waj  may  be  analysed  by  several  diffe* 

,  aU  of  which  are  capable  of  yielointj  re8ult»  of  eonsi- 

■ncy  ;  but  none  of  these  will  be  either  more  accuiute 

readily  nerfornied  than  the  following : — 

mlverised  iron  to  be  examined  h  divided  into  three  distinct 

I.     In  the  first,  is  determine*l  the  total  quantity  of  carbon 

in  the  iron.     In  the  second,  the  sulphur  and  phosphorus 

Butted.     And  in  the  third,  are  determiDed  the  whole  of  its 

natituents,  with  the  exception  of  that  portiOB  of  its  carbon 

•xiAts  in  a  cheniieaUy  combined  state. 

mtijiafloti  of  Cftrtiiiii. — For  tins  purpose  from   30  to  40 

pf  the  finely  divided  iron  should  be  rubWd  for  a  consideni' 

^  in  an  agate  mortar,  along  with  about  ita  own  weight  of 

ihite  sand,  which  has  been  previoualy  mixed  with  a  little 

if  copper,  and  igaited  to  destroy  any  adhering  trace«  of 

matter.     When  an  almost  inpalpalile  powder  bus  been 

tained  (care  being  taken  to  prevent  any  loss  by  placing  a 

highly  glaaied  paper  beneath  the  mortar),  it  i»  mixed  with 

to  eight  times  itw  weight  of  fused  chromate  of  lead,  and 

L'd  with  the  uaual  precautious  iiito  a  combustion  tube,  at 

erne  point  of  which  are  placed  a  few*  grains  of  perfectly 

trsLte  of  potash.     The  combustion  ia  now  to  be  conducted 

_  rtlinary  way,  and  the  carbonic  acid  produced,  after  passing 

^h  a  chloride  of  calcium  tube,  is  collected  and  weighed  in  a 

'»  apparatuH,  containing  a  solution  of  caustic  p(»tash  of  tho 

raiity  of  1'28.  Nitrogen  has  hitherto  never  been  found 
the  varieties  of  cast  iron,  but  may  be  sought  for,  and  if 
;  estimated  by  mbting  the  powdered  metal  with  soda- lime, 
oreriug  the  products  of  combustion  bi  a  dilute  t*oIution  of 
lorie  acid  contained  in  a  Will  and  \'arrt*ntnipp  apparatua, 
ount  of  chloride  of  ammonium  found,  iJ'  nitrogen  be  nrt}' 
ill  be  estimated  in  the  uHual  way,  and  from  it  the  per-centagi? 
gen  pn^sent  is  rt»adily  deduced. 

rnilnaiuiii  of  Sulphur  anil  Phci*»iiliiirufi.^^ — The  iron  reduced 

nenta  is  treated  i\ith  fuming  nitnc  acid,  and  gently  warmed, 

b  becomes  rapidly  attacked,  with  the  evolution  of  copious 

pof  nitrous  acid,  which  will  not,  however,  contain  any  traces 

phuretted  hydrogen  gas.     The  solution  h  now  evaporated  to 

»",  find  the  dry  mai*M  Mubscijyently  treated  with  verv   d\V\\\ 

chk^iic  su'id.    To  it  little  of  the  filtered  aolutiou  ^  ic^  ^qi 


818 


snEL. 


of  chloride  of  bjirium  are  added ;  and  if,  after  aUndliij;  for 
hoursj  anv  precipitate  or  cloudiness  apucans,  the  ^hol<«  <if  il 
filtrate  is  treated  in  the  same  manner,  ana  the  sulphate  of  b«n1 
deposited,  after  beiii^r  collected  in  a  lilter»  washed,  dried,  nud  i 
cijied,  affords  the  data  fixnti    which  the  per-ccnta^e  aiiiuiint  i 
sulphur  contained  in  the  metal  may  be  readily  calculated.    B 
excess  of  baryt4i  ia  subsequently  removed  from  the  soluti 
addition  of  a  sufficient  quantity  of  sulphui'ic  acid,  and 
annntmia  is  then  added  to  the  amovmt  neceesan*  to  pi 
precipitation  of  the  iron  by  ammonia,  which  is  at  this  st 
operation  to  be  added  in  eonsiderable  excess,  imd  a  curr* 
phuretted  hydroc^en  passed  through  the  solution  dun 
hours.     The  liquor  is  now  allowed  to  remain  in  a  wiinu  [ 
it  assumes  a  clear  li^ht-yellow  colour,  when  it  is  quick! 
and  the  precipitate  washed  ^ith  distiUed  water  contain i 
sulpliidc  of  ammonium.     The  filtrate  is  at  this  point  t 
porated  to  dryness,  the  animaniacid  salt  driven  oti'  b", 
and  the  residue,  consisting  of  phosphoric  acid,  together  v\  i 
porlioua  of  hiue,  alumina,  and  the  alkahes,  is  fused  in  h 
crucible  with  a  small  ijuantity  of  the  mixed  carbonatea 
and  soda,     Tlie  fused  mass  m  then  dissolved  in  hydroclil 
and  the  phosphoric  acid  determined  in  the  usual  way  •  - 
phosphate  of  ma^iesia.     InstrCad  of  operating  in  thr 

described  for  the  estimation  of  tl»e  siJphur,  this  1 

detected,  and  its  weip;ht  determined,  by  slowly  dissolviii : 
in  weak  hydrochloric  licitl,  and  allowmyj  the  hydrogen 
is  then  evt)Ived  to  pass  throui^h  a  somewhat  acid  sulutifm 
of  lead-     Should  any   sulphur  be  prcMont  in  the  nietaL 
this  treatment  be  converted  into  hydrosulphuric  acid,  w  I 
bining  with  the  metal  of  the  lead  solution,  forms  a  «>  ' 
the  weight  of  which  the  per-centage  of  sidplmr  j 
deduced.     In  thi^  experiment  the  mehd  shoidd  be 
extreme  slowness ;  firom  ten  to  fifteen  days  heinj?  r< 
solve  the  necessary'  quantity  of  cast  iron,  fron 
for  steel,  and  about  four  days  for  common  \vi 
process,  though  much  more  tedious  and  not  m 
that  above  f^iven,  may  iu  sume  instances  be  n 
lloyed  for  the  purpose  of  checking  tlie  rvsultw 

^Tlitick  by  nitric  acid  and  i\w  subsequent  preci^ 

phur  iii  t!>e  form  of  sulphate  of  bar)^^**, 

E»ilnmtloii  of  the  ITmHwiHnrd  CarlMiii,  ^*-»)»«-  «ni#.- 
— Another  portion  of  the  pulverised  jiiet^ 

30  f"  "^  -•'-    --'  '^' ^  •"   ■ 

t6nJ   ^»i 

Itcdf  will  iil  lUC  iH-t^U-M:   U\   A  ^\v>   v.u»A-\*viiaBW 
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flakes  and  piirticles  of  a  dark  colour  floatiiig  in  the  liquid, 

are  cullectfd  on  a  filter,  drifd  at  212'',  and  of  which  the 

hita  bei*n  noted,  aiid  after  well  washing  and  subsequently 

the  precipitate,  the  iucreii«e  of  weight  will  reprise iit  tha 

of  uuconibiued  earboti,  together  with  very  minute  tracer 

ieatei5  of  the  oxides  of  iron  and  liine.     The  silica,  iron,  &c., 

mixture,  are  detennined  by  fuaiiig  it  with  nitrate  of  potash, 

with  twiee  its  weight  of  pure  carbonate  of  soda ;  find  on  the 

n  of  the  iron,  Ume,  autl  other  earthy  matter*,  the  amouiit 

n  will  com;'!!!pond  to  the  \o&^  of  weight  erperieneed.     To 

heso  re*ult8,  however,  the  floeculent  residue  may  be  collected 

ion  through  a  piece  of  aj^bestos  placed  in  the  throat  of  a 

which,  after  being  dried,  may  be  acted  on  by  chroraate  of 

oxide  of  copper,  according  to  the  method  usually  employed 

antdy&is»     If  the  eiperiment  be  carefully  conducted, 

obtained  by  these  two  methods  will  be  found  to  agree 

The  iron  obtained  in  this  way  is  added  to  the  filtrate 

first  solution,  and  the  carbon  found  in  the  deposit  (which 

t!ie  *ake  of  distinction  be  designated  A),  on  being  de- 

from  the  total  quantity  present,  n»  found  by  the  combustion 

ascribed,  will  give  the  quantity  of  combined  carbon,  which 

called  II.     The  filtered  liquid  and  wauhing^  are  now  eva- 

to  di*}  ueas,  and  again  treated  with  dilute  acid,  by  which  a 

DCe  portion   of  silica  is  left  undissolved ;    this,   after  being 

ected  on  a  filter,  in  added  to  that  already  found  in  the  black 

osit,  and  the  two  are  estimated  together.     A  small  quantity  of 

solution  nhould  at  thia  stage  of  the  analyaia  be  treated  with 

>buretted  hydrogen  ga«  ;  and  if  a  dark-coloured  precipitate  bo 

lined,  the  whole  of  the  filtrate  should  be  acted  on  in  the  same 

"Wlien  a  dark  deposit  is  thus  obtained,  it  must  be  separated 

Utr.itioD,  and  the  metals  which  it  contains  determined  by  the 

nnrv  course.     If,  however,  aa  is  generally  the  cane,  the  small 

'f  liquor  thus  treated  gives  no  other  than  a  milk-white 

*  of  Bulphur,  it  is,  after  being  carefully  freed  from  the 

tJipitute  by  filtration,  returned  to  the  main  wjlution.     Xitfic 

18  now  added  to  the  filtrate,  which  is  boiled  until  the  whole  of 

iron   ia  peroxidised;  ammonia  is  added   gradually  until   the 

ition  only  faintly  reddens  litmus,  and  the  greater  portion  of  the 

I  is  then  by  precipitated  in  the  form  of  peroxide.     The  Ia»t 

les  of  thia  nteial  are  eieparated  by  the  addition  of  a  little  neuti-al 

VMLte  of  ammonia,  and  from  the  weight  of  peroxide  of  iron 

•:H  *• '•  fimouut  of  the  metal  originally  present  is  deduced.  After 

;  of  the  oxide  of  iron  haa  been  obtained,  a  portion  of  it 

iK  icited  for  minute  traces  of  chromium  and  alumina,  by  dit- 
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solving  it  in  hydrochloric  acid,  and  precipitating  with  eiMMftir 
io  exL'fss.     The  quantities  of  these  substaneesj  are  < 
tremely  minute  ;  and  it' an  eieesa  of  ammonia  has  iv 
before*  trentiut;  with  the  ben/^oate  uf  that  alkali,  the  uxm  pf 
taU^  will  not  fontain  any  traces  of  the  oxide  of  manganese 
piHjceeding  to  separate  the  manganese,  the  solution  and  wmi 
are  to  be  evaporated  to  dnnesy,  and  the  salts  of  ammonia 
oH'by  ignitinn  to  redness.     After  being  thus  treated  the  di 
haa  idways  a  brown  colour,  from  the  presence  of  the  peroiic 
manganese,  and  it  must  now  he  disBolved  in  a  few  drops  off 
chloric  acid,  and  after  the  addition  of  a  little  ammonia,  and 
ward»  snlphide  of  ammonium,  it  is  allowed  to   stand  for  sc%i 
hours?,  and  is  then  gently  warmed.     The  smlphiiret  of  uum^ 
t!ui»  deposited  m  collected  on  a  filter,  and  may  either  be  couti 
into  sulphate  td'  manganese^  or  dissolved  iu  hydrochloric  JU'id,: 
BuhBenueutly  deposited  in  the  form  of  carbonate,  and  weii;bi*di 
the  red  oxide  of  that  metal.     The  solution  from  which  the 
nese  ha^^  beeji  thus  separated  is  now  freed  from  sulphide  of 
nium  by  boiling:  tlio  lime  is  precipitated  iu  the  form  of  03 
the  addition  of  oxalate  of  ammonia,    From  the  w  eight  of  a 
of  lime  obtained  from  the  ignition  of  this  salt,  the  amount  of 
is  readily  deduced,  and  ft"ora  thia  is  calculated  the  quantity  of 
eium  orifTi Dally  present  iu  tbe  smuple  of  metal  aniilysed,     If 
magnesiiiui  was  contaiued  iu  the  compound  examined,  its  pr 
may  now  be  detected  by  the  addition  of  a  few  drnpB  of  a  &olul 
of  phosphate  of  Hotla  to  the  filtnite  from  the  oxalate  of  lime; 
this  body  has  never  yet  been  found  iu  suiHcient  quantity  for 
mation^  as  traeea  only  of  this  metal  appear  to  enter  iut^  cotnl 
tion  with  the  iron, 

Tlie  preseuce  or  absence  of  magnesia  in  the  compound  h%x^ 
been  established  by  qimlitative  analysiis,  it  will  in  most 
bo  found  to  be  so  small  in  quantity  as  to  be  safely  neglect4?d  in ' 
quantitative  detenninations,  and  the  solution  from  which  th»? 
has  been   separated  may  at  once  be  evaporated  to  diynesa,; 
ignited  to  obtain  the  idkalies  in  the  fomi  of  chlorides,  in 
state  they  are  weighed.     On  dissolving  these  in  a  little  vratefj 
al^er^vurds  adding  a  few  dnjps  of  bicidoride  of  pktinuiu  to 
solution^  the  potash  is  sepamted  in  the  usmd  manner  and  wci 
and  on  deduct  iug  the  weight  of  cWoride  of  potassium  from  thati 
tlie  mixed  chlorides  as  obtained  by  direct  experiment,  the 
of  chloride  of  sodium  is  readdy  deduced. 

The  following  table  indicates  the  per-centage  com]  '* 

specimetis  of  ca«t  iron  auidysed  by  ^Ir.  Wrightson,  s- 
in  his  iiivestigatiouft  the  methods  above  deacribed.    These  ape 
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made  from  the  South  Staffordshire  iron  ores,  principallj 
in  the  districts  lying  to  the  west  of  the  Dudley  coal 


OF  Tek  SpEcnavs  of  Cast  Ibox,  hade  fbom  South 

'OJLDSBIRE  IbOV  ObE,  CHIEFLY  WeST  OF  DUDLEY. 

Ibojt  fboh  Cold  Blast. 


I. 

in. 

IV. 

V. 

9410 

96-57 

04-68 

04-42 

1.87 

0-95  ' 

^ 

C 

1-92 

1-67  ( 

rr98    8-71»2  78   4  05 

1-80 

0-51  , 

> 

112 

116 

0-3S 

0-94 

trace 

— 

— 

traoe 

trace 

— 

— 

— 

0-06 

traoe 

0-25 

016 

016 

trace 

0-30 

034 

trace 

0-42 

— 

— 

trace 

Oil 

0-05 

trace 

0-21 

0-36 
101-75 

003 

0-36 

100-73 

99-20 

100-27 

Ibon  fbom 

Hot  Blast. 

I. 

n. 

III. 

IV. 

V. 

VI. 

89  53 

92  98 

93-84 

92-90 

95-23 

95-80 

C 

C 

C 

C               rC(a)  1-77 

2-72 

3  27  7-93 

311  6-51 

2-98  5-54    0-87  6-88    -j  C(*)  049 

0-26 

L 

0-31 

0-11 

1-71 

1-30 

0-72 

0  62 

034 

0-54 

0-11 

trace 

0-34 

006 

010 

0-06 

0-41 

0-37 

0-89 

030 

019 

014 

— 

— 

trace 

trace 

— 



0-07 

trace 

minute  traoe 

traoe 

trace 

trace 

0-54 

lost 

0-07 

0-40 

012 

0-37 

100^0 

101-19 

10O90 

101-11 

98-55  10000 

small  amount  of  phosphorus  is  found  to  impart  to  iron 
gree  of  brittleness ;  when  bar  iron  contains  but  0*5  per 

ures  3"71  in  No.  IV.  (cold  blast),  as  well  as  in  the  corresponding 
S'o.  V.  (also  cold  blast),  and  Nos.  I.  II.  III.  IV.  (hot  blast), 
l)er-centage  of  substances  separated  and  weighed  on  the  filter,  con- 
i  the  exception  of  No.  IV.  (hot  blast),  prindp^j  of  silica,  with  the 
m  and  lime,  which  were  not  in  these  instances  separately  estimated, 
marked  C,  on  the  lefb  of  the  columns,  indicate  the  entire  vmovi^ 
oth  combined  and  uncombined,  conttixied  in  the  tZQH 


t   \o 


ahtmi  (^2S  ^tr 

whmi  tX  m  i 


It 
fBiiditrad 

tie 
litkiBofBCiaL    1 

1'5  per  fMmt.  of  cmHiaB.     whes  - 

amouni  of  th»  cabilHMe  il  I* 

mmI  tii'/m  dslSeiiH  to  wid;  and  ^ 

pnmrrit  exoMPdii  1*75  in  100  pwt«,  tL 

of  Unng  wcUli'ii  at  aor  temperatuit^ 
l#f  cairbou    docM    tiot  adintt  cpf  bci:  _ 
mti*\  thiN  irmy  Ih?  n*garded  am  the  test 
ln?«i  from  higlilF  carbor 

of  cttrboD  still  tdniit^ 

r  the  hammer;  and  wt  : 

^^mit  of  carboriaatioii,  b 

le  to  the  |>uruo«e»  to  wtiidi  leas  1^ 

i«  «i  JIM  laj  n  :ip]>n«L*d^  but  etill  docs DOt  deposit  nitr  |^ 
hy  fujii«>n  and  ttlow  cooling.     Wlien,  bowef^^^  tbi" 
'    fVoiii  25  t(>  30  per  cent,  of  carboii,  a  jm 
'  readily  eliminated  by  the  alow        ■ 


va 


rti<*B  of  cast  iron  are  not  entirelv  depend 

1  carbon  wbkh  it  cont/iin*,  but  are  also  Ui 
I  by  the  etat^  of  combination  in  whl^ 

irt>a  contains  only  from  2  to  2*5  per 
flf  chemical  combination,  the  remainder  beia 

thi^ugh  the  ma»8  in  the  form  of  minute 
Vtoiii  ol  \\1»  da^cvvYl'vQu  tc'<\iiir0s  for  ita  fuajoii 


AITALYSIS  or  CAST  IBOK. 


323 


urc   than   the   white   variety,   in  which   n   j^eat 
<  pbon  ia  cheniically  ei>m billed,  and  passes  almost 

tiroikk  the  solid  to  the  fluid  slute,  whiUt  white  east  in)n 
pastv  b*?fore  it  i;*  reduced  to  the  Huid  form, 
cast  iron  may  be  trnnstbrrned  ijit^  whito  metal  by  sudden 
[and  white  iroQ  adniiti*  of  being  cooverted  into  the  grey 
being  first  strongly  heated,  and  then  allowed  to  cool 

ripai  localities  in  Great  Britain  where  the  manufacture 
<?iteniiively  carried  on,  are  8hrop!*hire,  South  Staflbrd- 
rbyshire,  and  the  West  Ridiuit,'  of  Yorkshire,  in  England ; 
ihire.  in  South  Wales ;  and  the  district  lying  eiwt  of 
in  Scotland. 

number  of  blast  furnacea  at  this  time  at  work  in  the 
igdom,  probably  exceeds  550,  and  the  aunuid  product 
in  has  be^  estimated  at  lJ50,tK>0  tons.  Most  of  the 
|Bces  recently  erected  hiive  been  constructed  with  larger 
l^id  wider  tunnel-holes  than  were  formerly  employed. 
^  the  largest  proportion  of  the  steel  manufactured  is  pre- 
I  the  u^ghbourhood  of  Sheffield,  where  Swedish  iron, 
Bk  from  "the  Dannemora  minesj  is  extensively  employed. 
ffrtfiMiil  (Juantity  of  steel  produced  in  Sheffield  during  the 
h^eai^  Tarie«  from  16,0«!*0  to  17,(MD0  tons  troni  fon'ign  iron, 
11,500  tc\{I,000  tons  from  iron  of  British  nianufacture. 

E'^er  ol*fiimaces  employed  in  the  neighbourhood  of 
the  conversion  of  iron  into  steel,  is  upwards  of  120 : 
is  capable  of  converting,  weekly,  b\x  tons  of  iron,  and 
is  during  the  process  a  quantity  of  coal  about  equal  to  the 
jpf  the  steel  produced.  There  are  also  above  100  steel 
HarameeBt  each  on  an  average  containing  10  holes  for 
P;  four  Urns  of  good  hard  coke  are  required  to  make  one 
«te«l ;  and  each  furnace  of  ten  holes  produces  4^  tons 
steel  per  week. 

iDtitv  of  coals  annuidly  consumed  in  the  town  and 
of  Slieffield,  in  the  various  processes  relating  to  the 
of  tteel  alone,  has  been  calculated  at  230,000  tons. 


comoL 


—  ni 


Copper  wdn 


mtf  be 
oiide;»  bf  MHinK  <>'*^  ^  * 
in  s  osra  ^mb  tube, 
takes  plam  bdov  a  ird  ImI^I 
in  the  tube  u  fijimd  in  tbe 
lf«iij  siVQiniQg  a  metallic  InaCie 
two  bflrd  anrfiuses. 
_  _^,^_    gfafitr  of  tbia  metal  ¥iriea  slirlith-,  in 
iba  Ottfcttnr  of  tte  trcatmeut  to  wKich  it  Ins  been 
m  TUMiuanrd  or  rolled  speciniens  bare  a  greater  deoailr 
iie^ilMlsr  ^saNl  copper,  which  baa  not  been  tbaa  eompniuaa^ 
^j,...  :^-    ♦'  . ---^tT'farieft  between  878  and  8*06;  it  tnei 
n.  d  heat,  and,  when   heated  to  wbheiien^ 

verj  vjiptiuiu   vapours,  which   have  the  property  of  impaiting 
giwa  colwir  to  flame. 

W^  f  is  at  ordinaiy  temperatures  exposed  to  tba 

of  p^i  V  air,  it«  surface  is  not  in  the  sligliteat 

4]ftMQi>«si  ;  &ut  11  acted  on  by  a  damp  atmo«rphere,  and 
vbtfii  acid  itapoiQia  are  present,  it  quickly  becomes  covered 
SI1N90  Tllhlltailil      Vluowu  by  the  tmine  of  verdigfria. 
If  apM^oC  this  meVu\,  «\\^V\V\<^  movsyVfexi«4  b^  aweakteily^ 


STATITI  COPPEB, 

r  A  conadrfmble  tiine  ex|ioeed  to  the  eontad  of  atr,  it  At 
ojubimes  willi  a  poftkm  oi  its  oiy^xx,  and  forma  a  mc^utiul 

copper,  which  ia  flttbflei|ueiitlr  coorefted,  by  the  furthrr 
of  oijgi*o  on  another  atom  of  metallic  copper,  into  a  leaa 
^  mk»^t  vhidh  adheres  firmlr  to  the  sur&i^  of  the  maaa. 
Eagment  of  eopper  wetted  bj  ammonia,  aiid  exposed  to  the 

oxidised  in  a  itmilar  way,  and  sheet  copper  ia  found  to  bo 
)r  attackod  by  weak  aolutuma  of  chloride  of  solium,  although, 
^    ^  *  ibf9i,this  aalt  acts  but  feebly  ou  the 


iter  18  dooompoaed  bj  copper  when  heated  to  whiteoeaa  in 
iies^  of  fteam:  oxide  of  copper  is  formed,  and  hydrogen 
A  concentrated  solution   of  hvdroehJoric  acid 
it,  wbeti  tn  a  state  of  fine  dividion,  with  eotisiderable 
;  but  wheo  the  copper  ia  exposed  to  its  action  m  more  solid 
ita  aoliitaoti  ta  attended  with  much  difficulty. 
preaenoe  of  the  atromrer  acids  does  not  determine  the 
"tion  of  water  by  this  Imdy,     When  dissolved  in  con- 
aulphuric    acid,'  sulphurous   acid    gas    ia    plentiMly 

feacid,  eren  when  cold  and  considerably  diluted  with 
wJTee  copjjer  with  ^at  facility,  and  gi\e*  rise  to  the 
ution  €^  binoxide  of  nitrogen,  which,  coming  iu  contact 
the  oxygea  of  the  air,  oroducea  large  quantities  of  thecha* 
ristic  red  fumes  caused  bv  the  resulting  compound. 
9  tenacity  of  copper  is  feas  than  that  of  iron,  but  greater 
that  of  either  gold,  silver,  or  platinum. 
lire  copper. — This  metal  frequently  occurs  in  a  native  or  mal* 
I  state^  and  ia  in  all  prubability  the  result  of  certain  electro- 
tpal  iniiuencea,  by  which  the  sidphate  of  copper  ariaing  from 
(idation  of  its  various  sulphurets  is  made  slowly  to  deposit 
-etal  which  it  contains  on  various  points  of  the  lode  in  which 
t  ores  of  copper  are  found. 

pprr  is  most  frequently  met  with  in  irregularly -shaped 
i!^  the  fiasurea  of  the  rocks  in  which  it  is  situated ; 
uiea  also  obsen^ed  in  a  crj^stalline  state,  and  in 

ttbe  crystalfl  are  either  cubes,  octahedrons^  or  some  of 
lediately  derived  forras. 
live  copper  is  both  malleable  and  ductile ;  has  a  red  colour, 
Mc  lustre,  and  shining  tftreHk  ;  possesses  no  traces  of  clefivage ; 
Wily  fuses  before  the  blow-pipe  into  a  well-defined  metallic 
wk  which,  on  (pooling,  frequently  becomes  externally  coated 
i  thin  layer  of  black  oxide. 

localities  specimens  of  this  metal  occur  in  a  perfectly 
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pure  state,  but  it  more  frt-queiitly  contains  traces  of  oil 
aurl  particularly  irou  aiid  silver. 

This  Hulistanec  is  aLuiidantly  met  with  m  the  copper 
Cornwall,  Brazilt  and  Siberia,  as  abo  in  the  district  to 
of  Lake  Superior,  where  masses  exceedicg  fl  ton  in  wei^ 
sometimes  been  cxti'acted.     The  in  oat  splendid  eri^stal 
mens  are,  however,  procured  from  Siberia  and  the  island  of  Nl 
in  Faroe,  where  it  accompanies  fibrous  meeotjpe  in  -muS] 
trap* 

These  cnatals  of   copper  are,   generally    speaking, 
regidar,  and  prt^sent  bome  of  their  dimen«ion8  in  a  mi 
developed  wtate  than  others:    the  crystalline  fomj« 
most  perfectly  represented  at  the  extremities  of  the 
duced  by  the  union  in  rows  of  the  more  compreasod 
fectly  formed  Ciample^. 


ORES  OF  COPFEB. 
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The  minerals  of  winch  copper  forms  an  essential  cor 
»re  extremely  numerous  and  huportant,  but  we  shall  in 
Bent  instance  chiefly  confine  our  attention  to  such  as 
Inrgically  treated  for  the  metal  they  contain,  smd  which 
»equently  entitled  to  be  nniked  among  the  ores  of  e«p|)er.i 

DlnoTitlfle  of  rcipper  ;    Octahedral  Copper  Ore  ;  Cuivre 
Kvpferroth. — This  oxide  is  remarkable  for  its  fine 
colour,  which  msiy  be  observed  with  great  readiness^ 
in  transparent  mid  truuslucid  specimens. 

This  oxide  crystidlises  in  the  cubic  system,  and  most  fr 
occura  in  well-detined  crystals  of  a  ruby-red  culour.     Its  iu4| 
fiemi'metallic,  streak  shining  and  reddish-browu,  &acti 
or  sometimes  conchoidal,  and  its  cleavage,  which  i&  mw 
rupted,  parallel  to  the  facias  of  the  octahedron.    When  the  1 
of  this  mineral  are  opaque,  they  are  sometimes  of  an 
tint  on  the  surface,  hut  their  peculiar  red  colour  at  onceb^ 
apparent  when  they  are  reiluced  to  the  state  of  a 
puwder.     This  oxide  has  a  density  of  5'99,  and  ita  coi 
according  to  an  analysis  of  Chenevbs,  is  as  follows:  — 

Copper      ....    88*78 
Oxygen     ....    11-50 

These  numbers  correspond  to  two  atoms  of  copper 
one  equivalent  of  oxygen,  and  its  formula  will  conae^l 
lepreoented  by  CiijO,* 
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tnof *  ais- ■  :.---^  -  i^  -r nrr n.- .  ■ 

nen?  «. :'  li:*  virrrrrr  ltt    •  •  -- 

'     - 

iTest  Cin.'waL.  L:_i  ii:rJL:*- 

"  "  !•   I. 

Blark  •xMc  af  Copper: 

*.  r-— 

—III  a    grrt^i  n^i^-j  r  zr.KT 

1..Z..— 

rbioh  sl^ka  iir  zz^-.ts  v^tz. 

rOiC.-- 

f  oiide  '.  I  o>r  irr  : — i-ri  ir_-:  • 

-  ir.   : 

opper,  "R  :J'iii  —  i:.iz.7  !*  f.'^z^-rt  _• 
lance  to  rri-i-er  2?  errrst-.Tji  l^  _:: : 
«sult  of  tl-r  d^-:iL;».'--":-.;L   .f  -  :.- 

itui  petalciai,  aiv  rjntnij  :i£<r  rr-^-.  .:  . 
>f  such  Qiiiieriiis. 

OftiS  of  e-jpper.  ai.i  s>i>.r::^r:*  .»:•;_• 
ejetions  or  tiuli  iriib-r  r-LiM-r? 

U.upferg(a4. — ^5^  J j  i.  -r-: :  .:•-.::  •^  r  r 
Oiften  m«ie50ti.i :  ;:  ^  a.-  lv--:^---  : 
&equeutly  in  c-^mlj^v^  Lii^^—tj  :  .;.-•.- 
bllessia.  The  prLi-:.-r  ::.'^-.  :  - 
ba  Eix-aided  prisr-  ':-:  :1-  ">■-'-  ' 
mines.  aDO  esjirt-ialiT  :>.i.  *_  •■£  ?  >I. 
«f  Eedrutb,  ix^^^'.^j  i^-^-'  :_ 
tables.  Thl*  ore  Lt  exirti^r!.;.'  i-— ":.r. 
•  Bfaining  i^treak. 

When  quite  pure  i:  r^j  \^  *-<i  1 
fiisibie  in  the  nai^e  ::'  i:.     --_Lir 
accijrdinK  to  the  teit-rr  '.:  :-.r  ?> 
the  crTi<tal£  pobae«s  a  d:iT:;..-  ..^atIj 
orie^kal  pri-zo. 

Sulphuret  of  copper  i*  ilr.>*  i'.- 
tnn  portion  of  BulpLup&t  c:  iroi..  - 
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hirdnesB  and  fusibility  ;  but  the  specimens  obtsmcd 
are  eomparatiTely  free  from  this  impiirity. 
l*jie  eomposition  of  u  specimen  of  this  ore,  from  Coram^uU, 
'  l)j  Thoropsou,  was  loimd  to  be  aa  foUowa ; — 

Sulphur  ....  20-62 
Copper  .  ,  .  ,  77*16 
Iron 1'15 


98*^ 

imp  numbera  indicate  that  tliiB  ore  is  s  cormpouiid  nf 
Btouw  of  copper  imited  to  ono  et^uivalent  of  sulphur,  and  ita 
jfeation  will  tlierefoFc  be  expresaed  bv  the  fbrmulii  Cu^S. 
AUbcnigh  magniiicent  crj'stais  of  suSphuret  of  cwpptT  are 
obtained  firom  the  Cornish  mines,  they  are   uerei 
exdustvely  confined  to  that  county  ;  but  the  mar© 
lMB8i?G  varietiea  also  oeciu*  in  Siljeria,  Hessia,  Saxony^ 
aat,  and,  according  to  SOlhnan,  in  ^'ova  Scotia. 
r«#per  Pyrltew;  Cuivrc  pyritet(x ;    KupferkieM. — This 
n  distiuguiyhed  by  its    stronjij  metallic  luatre  and   deep 
mIIow  colour.     It  uaually  oecursr  in  amorjihous  masses,  with 
ttropdar  and  slightly  eoDchoidal  fractitre :   it  is  also  found 
fnammilhitod,  stalactitie,  and  b<jtryoidal  forma,  aa  weM  as  in  t«tr8r 
HMral  and  octahedral  crj'Btals.     Its  specific  grarity  Turres  from 
41  to  AX  and,  wheTi  atrongly  heated  on  charcoal  beiore  the  blov- 
*  nuidily  fuses  into  a  dull-bkek  globule,  which,  from  tbr  nre- 
:   iron,   speedily  becomes  magnetic.     When  mixed  m  ith  a 
iHMiatr  of  soda,  and  similarly  treated,  it  jiel&  a  buttOtt 
In*  copper:  if  dissolred  in   nitric  acid  or  aqua  regia,  ^' 
irtion,  which,  on  the  addition  of  ammonia^  aasuiuea  t 
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is  a  double  Bulphuret  of  iron  and  copper^  con- 
,ui\'aleut  of  protoaulphuret  of  iron  united  to  otuf 
t  of  copper,  and  its  comjwsition  will  consequeilfilf' 
-he  formula  aiS+FeS. 

THiiubera  show  the  composition  of  apecxmcDS  of 
uu  two  diflerent  localities: — 

Ft-om  Cornwall.  From  B«mbeT«. 

Analysed  bv  R.  Phillips.    Anftlyaed  by  H.  Bose, 

ir     .     .     35  16  —  35-87 

.     .     80  00  —  34-40 

.     .    32-20  —  30-47 

.264  —  0-27 


100-00  — 


10101 
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Thia  mineml  is  found  in  lodes  or  veins,  which  usually  occur 
tiier  in  g^ranite,  grauwacke,  or  cLaj-slate,  although  it  is  some- 
liiaes  met  with  in  serpentine,  gneiss,  and  some  other  rocks.     It  is 
BdOftt  commonly  associated  in   these  deposits  with  iron  pyrites, 
'endi?,  and  galena,  together  with  the  caroonates  and  other  ores  of 
r  commonly  produced  in  Europe. 

principal  localities  in  which  this  valuablo  ore  is  found,  are 
wall  and  Devon  in  Eujt^land ;  Chesay  aud  Sainfhel,  near  Lyons, 
France  j  in  Saxony  ;  at  Eislebcii  aud  Staii^erhauaeu,  in  Prussia ; 
Goalar,  in  the  lower   Hartx ;    at  Kremmtx  and  8ehcmnitz,  in 
.nngBiy ;    at  Fahlun,   in  Sweden ;   at  the  Ural  mountains,  in 
sia ;  as  also  in  China,  Japan,  and  at  the  Burra  Burra  mines  in 
3outh  Australia. 

The  Cornish  copper  ores,  so  eiteiisively  treated  in  the  neigh- 
bourhood of  SwanBCfl,  are  almost  entirely  composed  of  this  mineral, 
Ind  constitute  about  five-sLitlis  of  the  whole  amount  of  copper 
'  in  the  United  Kingdom. 

e  total  annual  produce  of  copper  in  Great  Britain  is  estimated 

ut  16,000  tons,  besides  which,  large  quiintitios  are  annually 

*  from  Cuba,  Chili,  and  Australia^  to  be  smelted  in  the 

metallurgical  establishmenta  of  South  Wales. 

ore,  although  of  extremely  common  occurrence,  is  not, 

er,  usually  brought  into  the  market  in  a  very  pure  state,  aa, 

tbe  great  cheapness  of  fuel  in  the  neighbourhood  of  the 

ees,  and  the  facilities  afforded  by  a  short  water-carriage,  it  is 

d  more  economical  to  directly  treat  the  poorer  ores,  tlian  to 

trate  them  beyond  a  certain  point  by  means  of  a  more 

ided  mechanical  preparation. 

e  ores  sold  at  R<*druth,  in  Cornwall,  where  the  mineral  pro- 
of the  Western  diTision  of  that  county  are  principally  dia- 
of,  rarely  yield  above  12  per  cent,  of  metallic  copper,  and 
8  per  cent,  of  metal  may  be  considered  about  a  fair  average 
e  produce  of  the  total  quantity  of  ore  sold. 
ulpMte  ;  Cuivre panaehe  ;  Buntkupfererz, — This  ore,  which, 
ariy  since  the  reworking  of  the  mines  iu  Tuscany,  holds  a 
what  important  position  among  the  minerals  producing  copr>er, 
for  a  long  time  conicmnded  with  copper  glance,  although  in 
particulars  they  are  extremely  different. 
ore  has  a  reddish-brown  colour,  aud  almost  metallic  lustre ; 
e  IB  commonly  iridescent  with  different  shades  of  blue, 
\  and  red.  from  which  circumstance  it  is  sometimes  called 
naehe,  by  French  mineralogists. 

before  the  blowpipe,    it    presents  similar  peactiona  to 
obtained  from  onlinarj'  copper  [>yritea,  but  when  found  m  ^ 
form,  the  cryatals  otg  citlicr  cubes  or  octakvidrotia,  <il 
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which  the  surfiicee  are  not  usually  wcllnlefiiied.  It  oceofi  in 
compact  form,  associated  with  the  jj^reen  carbonate  of  ooppoi 
(J!oru«all,  Siberia,  Hessia,  ii^ilesia,  Norway,  and  the  BaanaS;  i 
At  Killamer.  in  Ireland,  and  in  the  cupriferoua  shale  in  th» 
b(>iu*ho«>d  of  Mansield. 

The  crptallised  varieties  of  this  mineral  have  ms  jH  onl?  I 
fi>inid  in  ComwalJ,  where  it  occurs  in  the  Dolooatfa  and  line 
ipiweL  in  the  neighbourhood  of  Redruth. 

Thia*  like  ordinary  copper  pjTites,  is,  although  not  cninhiiiei 

pivmortion,  a  double  sulphuret  of  copper  aud 

lie  OOQStatution  ia  represented  by  the  formula  21. 

ili  per-cetita^re    constitution^   according   to  the  anaifwi 

"Ids  and  Yarreutrapp,  in  as  follows : — 


rnpper. 
iSulphur 
Iron 
Gangue 


From  Cornwall, 
Varrentrapp. 

.     2698        — 
,     WH4>        — 


1(X)'02 


From  Knkr&ef  I 

Phillip*. 

(3107 

2375 

1400 

0-50 

9982 


^V  «»peeif  e  ^vity  of  the  crj'Btallised  variety  varies  from  11 
(*|-  Mid  the  different  faces  of  the  crystals  are,  in  many  sp«  '"' 

^  rvFP^r  •w »  Ouivre  ffru ;    Fahlers. — ^Usually 
|iMt   Minu'times  also  eryatallised,  in  well-dctuied  c 
^i^^njlgf^krona*     lt6  colour  varies  from  steel-grey  to  iron-bl 
^jyn  «cr»tebed  yields  either   an  unchanged  or  slightly 
^mlu   ll  has  a  couchoidiil  fnicture,  and  sotiietimcd  an  inip 
^I^mIw^  cleavage  parallel  to  the  facets  of  the  octahcdroiu* 
^HMWCbr  brittle^  and  has  a  density  varying  from  4*6  to  5*' 
Hnm^  WW  Has  made  a  very  important  series  of  investigat 
t|iy  omMii'tT]ti"n  of  this  miueraJ,  Una,  arrived  at  the  conch 
iH^  MMVikk   ci^mposition    may   be    rcpresenti'd    by   the 
l^^^^^K^"  ^'"^  "*  which  each  of  the  different  metal] 
injnirir  Ma;;^  b<N  to  a  greater  or  lesa  extent,  replaced 
^M^M^M  ^'  sAiwv  i8omor|>hou8  elements ;   so   that 
^^^m^  iM^  be  substituted  for  the  ^phuret  of 
gC2^li)^  ^'^^  sulphuret  of  copper^  &c.  &a. 
^^QL  ^^M«l  alao  fre(]ueutly  contains  zinc  and  silver, 
AiMltt4  |ilatinura.    The  following  analyses  of 
^  libM  w©  wiU  serve  to  illustrate  iU  vr""*^^ 
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the  finest  crptalB  of  this  substance  have  been  abtaiaed 
imr  St.  Austell,  in  Cornwall,  and  Terr  beautiful 
jatala,  of  a  brisbt  polisbed  aspect^  are  found  at  Andres 

ttie  HarU;  Krenmits,  in  Uongaiy:  Frejberg,  in 
KUenbtu^,  in  NaAsau ;  and  Kapnick,  in  TransTlyaub: 
nuring  in  the  above  localities,  the  massive  variety  is 
idnrmtz  in  the  Tjrol,  and  in  Liberia,  Tbia  mineral  ts 
as  an  ore  of  cop|if  r,  but  is  fiequeutly  modi 
on  account  of  the  silver,  which,  m  greater  or 
tj^  it  almost  invariablj  contains. 

i>%Bwm  af  Camper';  Azurite :  Kup/erldTur. — Tbii 
lich  oecura  both  in  mammiUated  coneretiout,  and  in  well- 
d  rerv  brilliant  cnrstals  belonging  to  the  riiomboidal 

whicb  the  hiteral'  feces  form  an  an^le  of  98"  42',  ii 
ful  blue  colour,  and  is  sometimea  perfectly  trauspareoti 
Dore  commonly  only  tranalucid.  It«  dp«x.-ific  gravity 
n  9*7  to  d'd,  lustre  vitreous  or  adaniautiue,  fracturo 

and  streak  of  a  somewhat  deeper  blue  than  that  of  tbo 
e\t  ^Tien  acted  on  alone  before  the  blowpipe,  it  la 
he  oxidising  flame  into  a  black  globule.  By  the  reducing 
mA  of  metallic  copper  ia  obtained.  It  di»5olves  with 
ee  in  nitric  acid,  and  yields  a  solution,  ailbnling  all 
D  reactions  of  copper.  When  fused  with  borax  in  the 
lame,  a  glass  of  a  bright  green  colour  is  produced, 
position,  according  to  the  analyses  of  Karaten  and 
iaa£iUowB3 — 

SpeeixDcm  firom  Spmnien  fit>m 

Chetaj,  the  Bantuil^ 

by  PhiUipi.  bv  Korsten. 

bade  of  copper    .     .    69  08        —        'U9  08 
larlNBiic  acid  .    .    .    25  46        —        25  72 


L 


546        — 


10000 


520 


lOO-QQ 


4 
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to  ^t  fimnla  2  (CuO,C0,)f 
COW  HO, 

witii  the  Ttd  oxide  ud  tb 
of  copmr,  and  m  feond  botli  in  tlw»  primitive  and 
IB.  l!lie  diirf  locrittifwi  fiora  wliich  blue<.tJ^ 
copper  is  obtained,  mn  Chemf  imbut  litems,  Silx-ru^  and 
ilie  Bonnjit.  Examplm  of  Ma  ore  are  alao  foimd  at  K^NlnitK  in 
Connrall ;  Aluton-Moor,  inCumberiand;  in  the  Cuba'  >'i 

at  Burra  Burra,  in  South  Aostnlia.    Wben  obtaii 
dent  citijintit}%  thifi  subatance  constitateB  a  Tabiable  or  i-; 

it  IB  tikewise,  when  ground  to  a  fine  povder,  oecaaioL  .^ 

a  blur  |ii^raeut,  but  from  having  a  tendencj  to  loae  iid  oi 
hut?,  oftd  !)ecome  green  by  expoeure  to  light  and  air,  it  ia  at  p» 
ient  but  little  employed  for  thia  piupoae. 

Ilalnriilt«$  Cuivre  carbonate  vert ;  Maimdut. — ^reen  caibomM 
of  copper  iM  remarkable  for  ita  fine  emerald  gresen  (^slour,  of  ^liiti 
the  Hmiie  Hpeeiiiieu  usually  exhibitd  a  gnBat  diyereity  of  b^i3<l«a> 
WliiMi  in  a  er)'HtiLllm6  atate,  thia  aabstance  ia  found  in  funsB 
doriveti  fniiti  the  ubllque  prism,  of  which  the  lateral  faces  fonnsa 
angle  of  1 07''  KV,  btit  it  Ih  more  frequently  met  with  in  mamniilljited 
miiilurm  ihukhi^m,  aiul  emupact  amorphous  fragmenta. 

]\Ialii*'hi(*\  nhlinu^h  rarely  found  in  the  crystalline  form  abofB 
di'm'rtbetl.  friM|uoiiUy  |m*8eiit8  itaelf  in  the  shape  of  ranously  mod^ 
fitul  ni't:ilie(lni»m»  iinidyced  by  the  conversion  into  carbonate  oT 
the  (liiin^idr,  tir  niby-red  ore,  a«iduo  in  oblique  prisms  of  a  fihtoni 
iutenijil   Hlnif'iun\  denved  frutii  the  de<:*ompo8ition  of  th^  Mfli 
carbdimli'.     It  Ih   liltewiae  found  in  stalactiform  masses,  V 
ilbriJUM  nuliuteil  Mtructure  made  up  of  several  succeaaive  l.i 
whieli    the    extent   and   thickneaa  are  readily   apparent   ;: 
defined.     It  in  Koinetimea  met  with  in  a  friable  and  pul» 
form,  iLiui  in  in  that  caao  commonly  associated  with  T&nouaaaa<l^ 
UJid  enrtliv  impurities, 

MutiU'lnte   \%   found   in    considerable   quantities   in   tl 
inoiuitainij ;  in  the  minea  of  Southern  Australia ;  in  the  1 
Elba ;  At  Chessy,  in  France ;  in  the  old  mine  at  Sandlodge,  i 
land;  in  the  Bannat,  the  Tyrol,  and  io  some  of  the  Comisli   ..-^ 
It  ia,  from  its   high  per-centage  of  metid,  and  the  facility  with 
whieh  it  admits  of  being  smelted,  a  valuable  ore  of  copper ;  bat  ii 
alao  highly  prized  by  the  hipidary  for  various  omamental  purpoec** 
Such  varieties  as  are  sulEciently  compact  are  often  cut  into  snuff- 
boxea,   and  mounttd  as  brooches,  studs,   and   other   articlot  of 
jewellery;  and  in  Eusaia,  polished  plates  of  this  substant*^  »«• 
made  up  into  tables,  sideboards,  and  other  objects  of  luxury. 

Tfn»  ileTisiiy  of  this  ore  varies  from  3'G  to  4*0  ;  lustre  adaniarttlDfi* 
inciiiiing  to  Vitreous  \  alTCsifi.  oK  a.  ic^vV^^  >^^^  ^teeu  than  th« 
_        iUelf, 
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peMSentage  composition  ia  aa  follows : — 

From  Siberift,      Alao  from  Siberin, 
by  V^'auqiiflin.  bir  KlaprotU. 

Oxide  of  copper     .     .     7010        —    '    71-70 


83S 


Carbonic  acid 
Water 


2r 


8-45         — 


90*80 


20-50 
7-80 

10000 


ir  above  numbers  indicate  that  tliia  substance  is  a  diby dieted 
ite  of  copper,  of  which  the  composition  is  repi^escutcd  by 
mln  2  (CnO»  COj)  +  HO.  Carbonate  of  copper  is  advan- 
slv  employed  to  mix  with  the  various  Hulnhurets  of  copper, 
>g  the  operation  of  smeltingj  and  for  which  it  serves  as  an 
loniical  and  effective  flm.  It  in  also  eiimloyed  as  a  green 
lent,  for  the  use  of  artists,  aflbrds  a  valuable  material  for  the 
rture  of  the  various  salta  of  copper,  aiid  ia  particularly 
ft»r  bein^  converted  into  Roimui  vitriol,  by  solution  in 
Mulphuric  acid,  and  subm-quent  crystallisation. 
tlier  Mliiend*!  contalnlntr  Cnppcr. — The  other  minerals,  of  the 
ipoHition  of  which  copper  forma  an  essential  ingredient,  are 
*mely  numerous  and  interesting ;  but  aa  these  seldom  occur  in 
icient  cjiLintities  to  constitute,  properly  speaking,  Ores  of  this 
thev  pi-eaent  greater  interest  to  the  mineralogist  than  to 
Iter. 

duret  of  Copper  ia  a  very  rare  mineral,  isomorphous  in  com- 

Htion  \\  ith  the  sulphuret ;  it  is  of  a  tin  or  silver-grey  colour,  is 

Ible  like  the  sulphuret,  and  is  readily  cut  with  a  knife.     The 

^niurcti*  of  copper  are  numerous,  but  of  little  importance  in  a 

"  point  of  view.     Euchroite,  which  is  found  at  Libethen, 

jary,  ia  an  emerald  green  mineral,  containing  38  per  cent. 

lie  acid,  and  48*0  of  oxide  of  copper.     Aphanesite  is  of  a 

ICT  green  colour,  inclining  to  blue,  and  contains  30  per  cent,  of 

•Die  acid,  and  54  of  oxide  of  copper.     This  variety  comes  from 

i^nlL     Erirtite,  from  Limerick,  in  Ireland,  occurs  in  mam- 

lated  coalings,  ia  of  an  euierald  green  tint,  and  coutaini*  38'8 

Ci:*nt.  of  arsenic  acid,  and  59  4  of  oxide  of  copper.     Copper 

found  ill  Cornwall  and  llimgary,  is  of  a  grass- green  colour, 

uecurw  in  remarkably  thin  laniinre:  it  contains  21  per  cent,  of] 

ic  acid,  and  CHjI  uf  oiide  of  copper.     CondurrHr  Is  an  arae- 

Iphnnt  tif  c«.»pper  of  a  greeniMh  black  or  blue  colour,  and  is 

t  he  mines  uf  Cornwall. 

a  -  liatos  of  copper  there  ai-e  tluiee  distinct  varietiea — 

tcktfe,    Ltdf/hntiff,    and    Thrnmbolite.      TUf     fe^t    \& 

w  parts  ofJlimgiiry,  and  at  Bonn  ou  l\ie  ^\vvBfi  *,. 
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of  a  diirt  or  emerald  green  colour,  and  occurs  either  in  my 
oblique  crj'stals,  or  as  a  massive  incnijjtatiou  on  tin*  surface  ii 
other  minerals.  The  second,  apecLmeus  of  which  atv  found  m 
Hungary  and  Cornwall,  is  a  dark  or  olive-green  substance,  occu^ 
ring  eitlier  massive  or  in  slender  prismatic  crystalsj,  containinjj 
64  pcT  cent,  of  oxide  of  copper.  Tlie  third  and  last  rani'tv  ii  s 
green  phosphate,  occurring  in  Hungary,  and  containing  0(i\v  89 
per  cent,  of  oxide  of  copper. 

Sulphate  of  Copper  is  found  in  a  ciystallised  state  in  manv  uf 
the  mines  from  which  copper  pyrites*  and  the  other  sulphurpfci  ttf 
copper,  are  obtamed.  Thi«  salt,  when  produced  by  natnraJ  cansA 
resembles  in  cven^  respect  that  obtained  by  artiticial  tiirmn*;  it 
cryetalliaea  according  to  the  «ixth  ciyBtaUino  system.  Ija^i  n  fist 
blue  colour,  and  la  formed  by  the  decomposition  of  the  other  ojv 
of  copper. 

Jltacamite. — Chloride  of  copper  is  a  mineral  of  a  gfe^  9 
greenish  black  colour,  and  anamantine  or  >itreoas  iostf^e^  H 
occurs  in  massive  fragments,  in  rhombic  prisms,  and  roctanguhf 
octahedrons,  which  give  oft'  fumes  of  hydrochloric  add  gai 


heated  before  the  blowntpe.  This  c^impouud  is  found  iu  ^azoati 
the  neighbourhood  ot  Vesuvius,  and  the  desert  uf  Atadani^ 
between  Chili  and  Peru.     In  Chili  this  mineral  is  ground  itttP 

{)owder,  and  gold  under  the  name  of  ar§eniIlo,  as  a  sand  for  duatuf 
etters. 

The  other  minerals  containing  copper  are  extremdy  Tift^ 
and  are,  consequently,  not  treated  aa  a  source  of  tlie  metal  tkey 
contain. 


EBTIMl^TIOir  OP  COPFSB,  AKO  ITB  BEPABATIOF  PBOM  OTES8  MCtAl^ 

This  metal  ia  efitimated  either  in  the  state  of  mr'"" 
of  black  oxide.     When  it  is  to  be  weighed  as  in 
may  be  precipitated  from  its  solutions  by  the  ii  a 

bar  of  either  iron  or  zinc  :  in  this  case  it  should  h.  jtiii 

with  distilled  water,  and  subsetiuently  drie<l  in  s 
protect  it  aa  much  as  possible  from  the  action  of  r 
it  is  rapidly  oxidised.      It  wdl,  however,  ii; 
found  aurantugeotis  to  convert  the  granular  i< 
J  oxide*  by  a  continued  roasting  in  a  t<mall  }Hjreeiain  vr^ 
[the  flame  of  a  gas  jet,  or  wpirlt  linni) .  tL^  it  \^,  ev*  n  h  i 
jkilful  manipulation,  extretnely 

~  a  wnall  quantity  of  oxygen  b,  :   .    ..  :.      ^.-    l_  .   ..     .,  _ 
by  iBcrcafiing'the^ei^ht  oi  the  product,  Titiat«ii  tlie 
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a  sotudini  cootaiiis  no  otbcr  metal  tiisa  eopoer,  H  toMj 
ipiUted  in  tbe  iana  of  kjrdialed  oxide,  hw  tlia  luWitinB  €f  ft 
qaantitj  of  pure  canatie  potash.  It  i%  Lcpficver,*^^^***^ 
£oil  the  liqmd  for  aooie  tttae  after  adding  Cbo  pgwiwlafit,  aa 
Mbo  to  preiipfitatie  from  hoi  aolntioiH;  as  tSe  hjmbti  oside  at 
^DTit  thrown  down  b  b^  this  means  oonTeited  into  an  snhTdroiia 
Mate,  and  much  more  readily  fineed  from  any  mixture  of  alkaHne 
|sdt6  bv  subsequent  washing  with  hot  distilled  water.  The  oxide 
of  copper  th\ii  obtained  is  afterwanU  dried  in  a  water^bath, 
heated  to  rednedS  in  contact  with  airj  and  then  weighed  whilst 
still  ^liqbtlr  warm,  in  order  to  prevent  the  result  from  becomi]]^ 
^:.  .  1.^  ♦V.,.  absorption  of  nyCTOSCOpic  moisture.  From  th© 
of  copper  thus  obtained,  the  weight  of  the  metal 
t*eui  IS  nauiiv  deduced,  as ererT  100  parts  of  this  oxide  oorro- 
to  79*8  of  metallic  copper. 
»pper  is  also  frequently  precipitated  from  its  solutions  by 
ig  through  them  a  current  of  sulphuretted  hydrogen  gas,  W 
it  is  thrown  down  in  the  form  of  a  eulphuret:  this  is 
with  water  holding  sulphuretted  hydrocjen  in  sohition,  and 
drying  on  the  filter,  aud  roasting  off  a  portion  of  the  sulphur 
porcekin  crucible,  tbe  residue  is  dissolved  in  hydrochloric 
and  the  oxide  precipitated  by  caostic  potash  as    above 

lant  of  copper  contained  in  a  great  yariety  of  ores  and 
aubstaneee,  of  which  this  metal  forms  one  of  the  oon- 
mav  be  determined  with  a  considerable  approach  to 
by  tke  following  process  invented  by  Peloiize. 
subtitance  in  which  the  copper  is  to  be  estimated  should  be 
Ived  Lu  an  acid  capable  of  enectiug  its  complete  solution,  and 
of  ammonia  afterwards  added,  by  which  the  ef>pper  is  re- 
lived with  the    production  of  a  characteristic   blue  colour, 
thia   liquor,   whilst   in   a  state    of  ebullitiou,  a    standard 
of   eulphuret  of    sodium   is  poured  from   a   graduated 
?,  which  determines  the  precipitation  of  the  copper  in  tlie 
'  a  dark  brown  oiysulphuret  of  that  metal,   having  the 
feinn   expressed   by   the   formula   CuO+aCuS.       If  this 
ri    be   effected  with   proper  precautions,   and  a  little 
tdcd  from  time  to  time,  as  the  njetallic  solution  nearly 
-latunition,  it  becomes  easy  to  determine  at  what  pre* 
the  whole  of  the  copper  has  been  thrown  do\iTi,  as  the 
I  ly  loses  its  blue  colour  when  the  last  traces  of  this 
been  deposited.     If  the  litmor  contiuna  no  other  sub- 
which  can  be  precipitated  by  the   aolution  of  the  alkaline 
tj  it  will  be  easy  to  calculate  the  amount  of  copper 
bom,  the  volume  of  the  solution  poured  from  thtt  ^t^\ 
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Mch  di\'ision  of  the  instrument  » 

%4iSBiC«  and  weli-asceriaiiied  quantity  i>l 

tfift  ti^^^Ttmne  the  ati-ength  of  the  teat  solutiou  ot 
mJKUtt^  »  definite  weight,  suy  ten  grains  of  jjerfeetlj  ; 
i^HjU  be  didsolved  in  a  proper  quantity'  of  nitric  aei'i 
Iwibd  ammonia  is  added,  until  the  deposit  at  tir^t 
^MoBie  entirely  redisisolved,  and  a  bright  blue  stjlution,  tn^  i^* 
•D  cloudiness,   is    obtained.      Into   this  liquor   the  ftoliiti.  u  i 
aolphuret   of  sodium  is  gradually  poured   frtjm  the  bun  it-,  u 
wbii'h  it  has  been  measured,  and  when  the  contents  of  th*'  iIa^ 
begins  to  lose  colour,  it  ia  repeatedly  shaken,  and  again  alloiwi 
to  f>ettle. 

At  tlii«  point  of  the  operation,  the  liquid  from  the 
measure  i»  dropped  into  the  copper  solution  with  the 
possible  caution,  in  order  that  the  point  at  which  the  precipi 
ceftses  to  take  place  may  be  noted  T\*ith  accuracy.     By 
two  or  three  experiments  of  this  kuid,  and  taking  the  m 
results  obtained,  it  becomes  easy  to  discover  to  ^hat 
metallic  copper  each  of  the  divisions  on  the  graduated 
correspond^,  and  the  data  are  thus  afforded  for  the  determ 
of  the  iuvcrne  proposition,  viz.,  what  quantity  of  copper  is 
tallied  in  a  solution  in  which  the  weight  of  that  toetkl  ha> 
previously  been  ascertained. 

K  by  way  of  an  example  we  suppose  it  has  been  aac^ert 
direct  experiment,  that  to  precipitate  from  its  solution  one 
of  pure  copper,  280  diviBions  of  the  burette  are  required,  and 
to  decolorize  a  given  copper  liquor  exactly  372  diviaioii^ 
been  employed,  it  foUows  that  tho  solution  in  question  con 

372 
quantity  of  copper  corresponding  to  - —  :  1  gr.  or  1'32  gr. 

This  method  is  also  equally  applicable  to  solutions  con 
other  mctids   besides  copper,   as   experiment   indicates 
results  are  in  no  way  interfered  with  by  the  presence 
iron,  tin,  zinc,  cadmium,  lead,  or  antimony,  as  the  alkaline 
does  not  begin  to  react  on  these  metals  until  after  the 
the  c<:ipper  baa  been  completely  precipitated  in  the  form  of 
sulphuret.      It  is,  however,  al>solutely  necessary  that  the 
should  be  peroiidiscd  by  the  addition  of  a  few  drops  of  nitric 
and  ebullition,  previous  to  the  supersaturation  of  the  liq 
ammonia,  as  the  presence  of  the  protoxide  of  that  metal 
interferes  ^~ith  the  n^sult. 

On  the  addition  of  the  ammonia  to  the  liquid  to  be  eiami 
deposit  of  the  oxides  of  some  of  the  other  metals  which  it 
nJTj'  fn?quently  takes  pkcc^  but  unless   these   are 
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t-,  they  are  not  found  to  vitiate  the  results,  and,  conse- 
do  not  require  to  he  separated  by  filtration,  unless  the 
r  be  so  large  as  to  prevent  the  colour  of  the  liquid  from 
distinctly  seen, 

8   method   of  eatiTnating    copper  la   not,   however,   t^    be 

ided  un  in  cases  where  cobalt,  nickel,  mercury,  or  silver  are 

?nt ;   but  the  latter  ntetiil  may  be  readily  eliminated  from  the 

liou  by  the  addition   of  a  fev^'  drops   of  hydrochluric   acid, 

will  cauMC  it  to  be  precipitated  in  the  form  of  an  insoluble 

ide,  readily  removed  by  filtration. 

>j>cr  is  sepamted  from  the  alkidiesy  earths,  manganese,  iron, 

iiuin,  cobalt,  nickel,  zinc,  titanium,  and  uniuium»  by  pai^^ing 

?nt  of  aulphurctted  hydrog^cn  gim  throu^di  their  aolutiona, 

in^  first  renden/d  them  sliffbtly  acid   by  the  addition  of 

whioric  acid.    The  sulphuret  of  copper  which  is  thus  obtained 

'tjuently  dissolved  in  aqua  regia,  and  the  metal  estimated 

iG  state  of  oxide,  in  which  form  it  is  precipitated  by  the 

^ioQ  of  pure  caujstie  potash. 

>pper  may  be  i^cparatcd  from  cadmium,  blstuuth,  and  lead,  by 
ig  an  excess  of  carbonate  of  ammonia  to  their  solutiuns  in 
acid,  when  the  copper  alone  is  redissolved,  whilst  the  other 
iln  will  be  precipitated  in  an  insoluble  form.  The  same 
»od  may  be  employed  for  the  separation  of  copper  from 
und  the  sesquioxides  of  iron  and  chromium,  but  the 
tained  by  this  meana  are  far  less  satisfactory  than  those 
►assin^  a  curn'nt  of  sulphuretted  hydrogen  gaa  through 
lolding  the  salts  of  these  various  metals  in  solution. 
bi*»t  method  of  separating  copper  from  lead  consists  in  adding 
dl  quantity  of  sulphuric  acid  to  the  solution  of  the  two  metals 
ficid,  and  afterwards  evaponiting  the  liquor  to  dryness  in 
•ehiin  basin,  to  expel  the  eicess  of  sulj)hnric  acid  whicli  has 
added.  The  residue  is  now  slightly  moistened  with  nitric 
a  limited  quantity  of  boiling  water  subsequently  added, 
the  copper  salt  is  dissolved,  whilst  the  insoluble  sidpbat© 
'      in  the  state  of  a  cnstalline  powder,  which  may  be 

?d  on  a  filter 

iticm  of  copper  from  tin  is  effeetod  by  attacking  the 

nitric  acid,  which  readily   dissolves  the   first  of  these 

U,  whilst  the  second  remains  m  the  form  of  insoluble  stannic 

from  t  he  weight  of  which  the  amount  of  metallic  tin  originally 

it  in  the  alloy  is  deduced. 

[HT  may  be  separated  from  antimony  by  a  siniilar  process, 
thitt  ease   less  flecin-ate  results  are  obtained,  on  account 
tial  solubility  of  this  metal  in  the  aoWeuV  ev\\\AoiNe^. 
iiion  of  thi*ife  two  metals  may,  bo^ever,  be  more  \ic«:vv 
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Piitely  effected  bj  the  use  of  sulphide  of  ammonivtm,  R0  tH*«  mUi 

phiLTt't  of  copper  thus  produced  beiug  insojuhlo  in  an 

that  prt'cipitiint,  is  readilv  culiected  oa  a  lilter,  and  rslii 

the  methnd  iiln^ady  doscrihed,  wlidet  the  sulpliiiret  nf  ;i 

which  is  solnble  in  sidphide  ot'auinioiiium,  is  contained  in  tl i 

from  which  it  is  again  precipitated  on  the  addition  of  A  few  dsqi] 

of  hydi'ochloric  acid- 
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ores  of  ct.>pper,  altliough  extremely  numerous* 
the  purposes  of  aaaaj  be  tdl  comprehended  under  thrt t 
classes. 

The  ^rst  class  conBista  of  auch  ores  as  contain,  with  tin* 
ception   of  iron,   no   other  metal   than  copper,  and  w!    ^ 
perfectly  free  from  any  admixture  of  either  ttidphiir,  aeJ* 
arsenic. 

The  tecond  comprehends  those  on^   which  do  not 
besides  copper,  any  other  metal  except  iron,  but  in  which  eithtt' 
snlphm'  or  ftelenium  is  present  in  gi-eater  or  lea»  prop<>rti<»n. 

The  third  class  is  compo»ed  of  such  euptvous  mu- 
besides  aidphiir  or  selcuium,  also  contain  variout*  other  i 
addition  to  iron. 

The  apparatus  best  adapted  for  the  araay  of  copper  or«  hi 
email  air  fimiace,  very  nearly  resembling  in  form   and 
amingement  tlmt  employed  in  conducting  iron  as^^ve,  an«i  rx* 
rented  at  pa^e  212  ;  but  m  the  temperature  required  to  « 
eduction  and  fusion  of  the  latter  is  much   greater   th, 

to  iiquety  the  former,  the  size  of  the  Hre-ploco  isaj  IHI 

^portionately  diminished. 

1'  or  the  purpose  of  assaying  copper,  a  fiirnm^e,  having  a  dt'jitli 
of  16  inches  from  the  bars  to  the  level  of  the  fire-tile  by  '  ^    '   * 
ifi  closed,  will  be  found  amply  8uificieut :  each  of  the  m«1 
WTungement  may  measure  from  eight  to  ten  inches,  atwi  lin*  *»' 
employed  should'  be  good  linn  coke,  bmken  into  pieeea  a  littk| 
larger  tlian  eggs* 

The  mass  of  brickwork  in  which  tho  fire-plnr*»  ia  c^nduMd 
built  to  such  a  height  from  the  floor  of  the  '  '  io 

of  the  operator  being  able  to  observe  cam 
iwitldn  his  crucible,  and  ought  either  to  be  w*  !l  ! 
nn'ongcment  of  iron  bolts  and  ties,  or  h( 
!fit   expansion  by  cast  iron  plates  tirudy  c. 

rj('  f  hininrv  must  be  provided  with  a  damper 

,  and  lite  funiuce,  wfieu  in  action,  is  ouwr 


JLsajLT  or  osis  or  tks  msr  cxasb. 


clufie  am  motlenielj  ndi,  tJa»r 
clifiiculn^  end  " 


B  first  povadBd  lalfciieiitly  iae  in  a  mo 
9II  mixM  In  ioaiiiip  porfeci  nmlonmty  of 


liaa 


\y  blended  with  aiboot  liiree  tonei  its  irai^  of  black 
^ure  u  now  placid  in  ncnidlile,wlddi  ahonldnot  be  mt 
>lialf  filled,  m  order  to  prerent  anj  kna  from  the 
ibe  pasty  maai  vbeii  atrongl j  heated,  and  on  the  top 
a  thin  lajrer  of  pure  black  flux,  without  an?  admixture  of 
tobetrealed 

crucible  and  its  <WB(iw»to  are  now  pboed  in  the  furnace, 

mu^at  he  prefiooalf  fighted  lor  a  abort  time,  in  order  that  tl 

well  heated,  and  is  aflowed  to  remain  nncorered  until  the 

flux  have  beeome  rednoed  to  a  state  of  almost  tranquil 

at  the  bottom  of  the  pot.     This  usuallj'  occurs  at  the  ex* 

of  about  fifteai  or  twentr  minutes  after  the  introduetiofi 

isaaaj  into  the  firfi,  and  the  crueiUe  is  then  dosed  with  an 

oorer,  and  the  damper  fuUy  opened,  so  as  to  subject 

■ntother  ten  or  fifteen  minutes  to  the  highest  heat  of 

The  crucible  is  now  withdrawn  from  the  fire  bv  m< 

tongs,  and  tapped  aligfatlr  agaiut^t  same  hurd  si 

the  brickwork  of  the  furnace,  in  order  that  any 

of  metal  retained  in  the  slag  maj  faU  to  the  bottom 

into   one  soHd  sod  well-formed  mass:    thii»,  when  it 

»tlr  cooled,  is  extracted  bj  breaking  the  crucible. 

'-  ntifj  of  ore  operated  on  for  the  purpo^^  of  assay  < 

I  ness  of  the  minerals  to  be  treated ;  but  in  moet  ini 

^  wiU,  for  commercial  purposes,  be  found  a  Terj  oon- 

iount. 

"hen  th^e  ores  do  not  contain  a  large  per-oentage  of  copper, 

consequently  much  contaminated  nith  earthy  and  other 

it  is  found  extremely  difficult  to  extract  the  whole  of 

*r  by  the  method  aboTe  described,  a»  a  large  proportion  of 

^iftetal  present  is  retained  by  the  flux  either  in  a  state  of  che- 

M  oombination  or  as  small  globules,  which  are  prevented  from 

pog  in  a  nnifbrm  button  by  the  viscidity  of  the  slag  in  which 

I*  •**-  'tnbedded. 

case  experience  has  shown  that  the  beet  results 

-^li,  ,i  hf  adding  to  the  mineral  a  proper  quantity  of  sulphur, 

tiun  niaing  for  matt  in  the  way  ahortly  to  be  described  with 

^  Cbas  2,  and  subsequentlv  roasting  and  fluxing  tl 

as  though  a  natural  sulphuret  of  copper 

"^penited  on.     This  method  of  mampulation  has  the 

^  of  reqtijrwg-  the  expenditure  of  much  more  time 


flfc 


ktiint  mAx 

Uw  price  of  the  d 
immmblv  determtiied.  The  t 
nedw^  DedeMfibrd  itiwu  tm 

to  the  M 


1b  order  to  aieettain  tbe  momii  of  copper  contatnod  ii 
iii^  makiog  frcm  tbe  metaHurgic  traMtment  of  cojipt-r  on 
ii  wiial  to  anplflj  tbe  kmnid  method  of  determinahna,  w 
«e  ««a0]iioiilT  too  poor  to  give  s  distiiict  button  of  cop|)i 
^  Im^entiire  of  an  ordinarr  aasaj,  and.  when  too  ftm 
1,  jield  an  alloT  of  iron  and  copper,  oau^d  by  tbe  am 
redoetioii  of  the  copper  and  a  portion  of  the  pfolocil 
fcKnning  one  of  the  essential  constituenta  of  thew  fli 


Wbm  aUes  are  readily  acted  on  by  acids,  they  ethould,  I 
Vn^^  properly  pulveriHed  and  passed  tKrtiugb  a  tine  kwn  i 
W  atudico  by  hydnK'hloric  acicl,  or,  if  this  reagent  \te  not  I 
cMfllr  powertul,*by  j*tron^  aqua  regia.  Af^er  having  bested 
iiik  m  which  the  'attnck  is  being  made  until  all  chemical  u 
Mppean  to  have  ceased,  its  contents  are  carefully  transfc] 
AMttdaia  evnporutLug  basin,  whert^  they  are  reduced 
*  *  d»  pmtpose  of  rendering  the  ailit-a  completely  in  * 
mkat  h  now  first  moistened  with  hydrochloric  j 
diluted  with  water,  and  the  soluble  portit 
tlioee  which  are  not  dissolved  by  filtration.  Thi 
containn  the  whole  of  the  copper  present  in 


ASUkT  OF  ORES  OT  THE  SECOSD  CTLAM. 

and  irKich,  with  proper  prccautionA,  nmr  he  m^mKHsd 
by  prL'i'ipitatioQ  with  a  bar  of  iron  or  line,  bj  iuJpb 
;en.  or  bv  the  method  of  Peloiue. 
if  of  mr^  i^c,  Udoiifflns  to  tite  ^eoatf  CIbm, — Tim  niilM»» 
longing  to  this  claea  are  either  MuJphiirt't*  or  Nulpfaaimf  ftni! 
iHioiiAlly  contain  seienitim.  By  the  tumnj  of  ori'fi  of  H::k 
0  very  important  practical  points  are  H^Mi^ht  Uj  b*?  ih-.u  r* 
fit,  the  pei^ccntage  of  pure  copper  whii'h  thtiy  ivmtiu 
amount  of  fuiiible  sulphuretft  or  reguluA  xnhick  iiuisy  woi 
if  treated  in  the  large  wav. 

vmjforReffulia  or  Matt. — ¥hia  operation  ia  extremely 
in  Btrongly  heating  the  ore  nith  fome 
of  determining  its  fusion,  and  the  ieparstion  of  it«  earthjr 
oir  gangue.     These  conrlitiona  arc  better  fulfilled  by 
tium  by  any  other  flux  :  with  an  equal  weight  of  thia 
orea  belonging  to  the  second  cUm  are  readily  fujMid  mtm 
ith  the  production  of  a  Titroous  abig,  sna  th<?  ' 
and  well-defiricd  button  of  matt  at  the  bottom  of 
For  thiH  operation  naked  pota  are  uaually  eotployi 
button  i§  obtained  by  breaking  the  cruciblis  after  H  ' 
wed  to  cool.     Great  precaution  ia,  however, 
to  enable  the  whole  of  the  matt  being  eoUeeted  wii 
exceedingly  brittle,  and  is  liable  to  adhere  aomewhat 
sidea  of  the  pot,  from  which  it  ia  not  readily  detaehed. 
nvenience  may  Se  avoided  by  the  uae  of  a  lined  vruin\t\ 
to  those  employed  in  the  aaMay  of  iron  orea;  but  in  mf 
'ce  1  have  invariably  found  it  much  more  convenirnt 
oua  to  effect  the  fusion  in  a  common  earthen  jiot, 
the  contents  are  in  a  perfect  state  of  fujfion,  to  pour 
'*j  into  a  cast  iron  mould  having  interiorly  an  elliptical 

[operating  in  thia  way,  the  earthen  pot  ia  not  only  eeono- 
aa  being  pretserred  udt  aeveral  BOoceaaiTe  fuaiona^  but  the 
id  at  the  bottom  of  the  mould  i»,  with  ita  adherini; 
ly  removed,  when  cold,  by  turning  it  over  and  giring  it 
amart  taps  againat  some  hard  body.  The  sul 
of  the  reguluja  from  the  \itreous  acoriie  abore  It, 
effected  by  the  use  of  a  small  ehisel-edged  hammer;  and  a 
'  brown  paper  should  be  phiced  beneath  the  button  whiJwt 
detached,  in  order  to  collect  any  fragments  of  the 
rhich  may  be  aceidentoUy  broken  off. 

poor  orea  are  operated  on,  it  is  advisable  to 
. 'ibie,  but  in  all  other  cases  this  is  by  no  means 

liu  thu3  produced  consists  of  ffulphurets  coiitaixmx^\^< 
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n  mortar^  and  then  placed  in  an  earthen  crucible,  which  ia 
I  in  on  inclined  position  on  the  coke  of  a  furnace,  of  which 
Ight  should  be  almost  entirely  cut  oft'  by  the  damper.  A 
Derate  heat  in  by  tliLs  meanj*  obtained,  and  the  ore  must 
continually  stirred  Tuith  a  slender  steel  rod,  so  that  every 
I  may  hiive  been  in  its  turn  exposed  to  the  oxidising 
fes  of  the  atmosphere,  ^lien  a  certain  portion  of  the 
has  been  thus  eliminated,  and  a  corresponding^  quantity  of 
rmed,  the  crucible  may  be  \\nthout  inconvenience  heated 

0  stage  of  the  operation  it  is  found  advantageous  to  heat 
le  to  time  the  half-roasted  maes  to  full  rednvas,  aa  by  this 
at  the  sulphurets  and  sulphates  arc  reduced  to  the  state  of 
irou^h  the  elimination  of  the  sulphurous  acid  which  ia 
>d  by  their  mutual  reaction. 

1  sulphuroiui  acid  ia  no  longer  evolved,  and  the  process  of 
ia  consequently  far  advanced,  the  huat  should  for  some 
be  raised  to  whitencHS,  in  order  to  decompose  the  buI- 

'  and  after  this  is  effected,  the  crucible  is  withdrawn  from 
imd  allowed  to  cool. 

duce  the  roasted  ore  to  the  metailie  state,  it  must  he  inti- 
mixed  with  from  three  to  four  times  its  weight  of  black 
d,  after  being  again  placed  in  the  crucible  in  which  the 
I  was  effected,  and  covered  with  a  layer  of  about  half  an 
fused  borax,  its  fusion  is  afcomplished  by  eiposure  during 
ininutes  to  the  beat  of  a  Bmall  wind  furnace. 
pul  of  simply  fusing  \^'ith  the  addition  of  black  flux  and 
lie  contents  of  the  crucible  may  be  intimately  mixed  with 
I  of  its  weight  of  lime,  from  10  to  20  per  cent,  (according 
richness  of  the  ore)  of  finely  p()wdert*d  charcoal,  and  one 
df  times  its  w  eight  of  soda  atin :  this  mixture,  when  iuti- 
)lended,  ia  introduced  into  the  crucible  in  which  the  ore 
»ted,  and,  after  being  slightly  pressed  dowTL,  is  covered 
ftyer  of  about  200  grains  of  dried  borax, 
pen  crucible,  when  thus  pivpared,  ia  introduced  into  the 
i  exposed  durinEf  a  quarter  of  an  hour  to  a  dull  red  heat. 
Expiration  of  this  time  the  intumescence  of  the  eontenta  of 
I  will  have  entirely  ceased,  and  it  must  now  be  covered 
,  earthen  lid  and  exposed  to  a  bright  red  heat  bordering  on 
ea  for  another  quarter  of  an  hour.  The  reduction  and 
i  the  ore  will  be  now  fully  effected,  and  the  crucible  and 
enta  must  be  removed  from  the  furnace  by  the  use  of 
»nga. 

btain  the  button  of  metal,  the  eontenta  may  \jfe  e\\\\et 
iransfetTed into  the  mould  before  described,  or  \£  'it'\)e  'v*^*^ 
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ferrod,  the  cniciblc  can  be  allowed  to  cool,  and  bemg 
broken,  the  elag  and  other  adhering  substanoee  mAjr  ba 
with  a  hammer. 

In  most  matancea  the  roasting  of  minerals  belon^o^  ^^^ 
chias  may  be  conducted  without  difficulty,  as  the  only  care  ]     ^ 
sary  is  to  prevent  the  agglutination  of  the  particles  by  the 
cation  of  too  strong  a  heat  at  the  cLmiinencement  of  the  o| 
If,  however,  the  button  obtained  has  not  a  bright  metallic 
but  is  covered  with  a  layer  of  matt  of  a  greater  or  lens 
it  is  sufficient  evidence  that  the  whole  of  the  sulphur  haa 
expelled,  and  consequently  that  another  assay,  preceded  bya: 
careful  roaeting,  niunt  be  made. 

To  assist  in  the  eliuiiiiatiou  of  the  last  traces  of  sulphar, 
in  the  form  of  sulphate  is  apt  in  some  inatauces  to  be 
with  considerable  obatinacy,  Mr.   Mitchell    recommend* 
the  close  of  the  operation,  and  whilst  the  crucible  and  ii« 
still  remain  red-hot,  a  quantity  of  pulverised  carlx)uate  of 
equal  in  weig^ht  to  one-tenth  the  total  quantity  of  ore  empi 
should  be  gradually  and  carefully  added,  and  thoroughly  intf«^' 
porated  by  Btirriug,  with  the  roaated  mineraL 

By  this  treatment  the  various  sulphates   formed   are 
decomposed  vrith  fomiation  of  sulphate  of  ammonia,  wJiich, 
volatile  salt,  is  at  once  carried  off  in  the  state  of  vapour,  and 
trace  of  sulphur  completely  removed. 

This  injection  of  carbonate  of  ammonia  into  the  pot  is 
attended  with    ineonvenienee,  as  the  mpid  evolutioin  of 
which  takes  plaeo  on  its  coming  in  contact  with  the  higblj 
ore,  invariably  causes  a  considerable  loss,  by  carrying  off  i 
Bome  of  the  mineral  in  a  finely  divided  state  ;  and  it   is 
generally  best  not  to  have  recourse  to  this  salt,  parli 
with  proper  care  the  whole  of  the  sulphur  may  be  enl 
nated  by  the  alternate  heatijigs  and  roast ings  already 

The  sulphates  of  copper  are  completHv  drcomposed 
and  are  therefore  readily  assayed,  by  tir 
acid  by  heating  to  whiteness  in  an  en 
quently  fusing  the  residue  in  the  same  pot  Avub  u  di 
(say  three  parts)  of  black  flui.    Instead  of  hhick  ttu\ 
of  lime,  charcojil,  carbonate  of  sodit,  and  l>orax,  il 
reference  to  the  roasted  sulphurets  belonging  to  this  c;-^- 
employed. 

The  Bulphatea  of  copper,  being  soluble  »*•>'**    "**-  — 
usayed  bv  the  wet  way,  aa  they  may  be 
vater,  and  the  metal  tbrown  down  from  i 
the  introduction  ot  a  bar  o^  e'v\\v«jt  \roii  or 
motaiiic  copper,  9S^Ax  be\a%  ^a^^  m  ^xi^k  wvii'jiR.xvv>rs6:  *n 
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hb6t8  any  adhering  aubsalt  of  iron,  if  the  precipitation  has  been 
HI<K;ted  hj  the  use  of  that  metal,  uiay,  when  thoroughly  washed, 
B  either  dried  at  a  low  teuipcniture,  and  weigh&d  aa  metallic 
^^peT)  or  be  estimated  as  oiide  after  being  carefully  roafited  with 
Hie  ftocees  of  air. 

■  Ammmj  of  Ores  of  tlie  Tlilni  Claft^.^The  minerals  belonging 
■^  this  class  are  to  be  treated  in  a  eimilar  way  t<5  those  of  the 
Keond,  but  the  preliminary  roasting  will,  from  the  great  fusibility 
V  these  oree,  require  to  be  conducted  with  some  precaution,  and 
lie  button  obtained  by  the  reduction  of  the  calcined  ore,  instead 
If  being,  as  in  the  former  case«,  pure  copper,  will  consist  of  an 
HloY  of  that  metal  with  the  other  metallic  substances. 
Kwhen  the  ore  containa  lead,  the  process  of  roaatiug:  must  be 
Hbducted  with  the  greatest  care,  as  it  is  then  extremely  dilKcult 
ft  to  moderate  the  heat  as  to  expel  the  arsenic  and  sulphiLT,  and 
Wt  the  same  time  prevent  the  agglomeration  of  tht*  powder. 

■  In  every  instance  the  assay  ot  minerals  belong-ing  to  this  class 
Biotild  be  commenced  by  a  fusion  for  matt,  as  by  operating  in  this 
■fty  the  Bulphurets  are  ntjt  only  reduced  to  a  mimnium  state  of 
lilphuration,  but  a  very  large  proportion  of  the  associiited  araenic 
m  also  driven  off. 

B  When  an  ore  contains  an  araeniuret  of  copper,  a  certain 
Bortion  of  arsenic  i»  evolved  during  the  process  ot  roasting,  and 
bpper,  oxide  of  copper,  and  arseniate  of  copper,  are  the  first 
■pmiito.  On  being  strongly  hmt«d^  the  ar&cniate  of  copper  formed. 
Bud  the  nndecomposed  arseniuret,  react  on  each  other,  and  arao- 
Boua  acid  is  evolved.  When,  however,  the  whole  of  the  araeniuret 
Brosent  has  been  decompoj^ed,  no  further  elimination  of  arsenic 
BH  he  so  efi'ected,  and  it  becomes  necessary  to  heat  the  half- 
BpMted  ore  to  briglit  redness,  A^ith  the  addition  of  powdered  char- 
BmUi  which  again  gives  ritjo  to  the  expulsion  of  a  treah  portion  of 
Bwiiious  acidy  produced  by  the  deoxidation  of  the  arseni&tes 
Brmed. 

m  By  repeatedly  acting  in  this  way,  a  very  large  proportion  of  the 
■Meaic  present  may  be  got  rid  of,  but  a  small  quantity  will  inva- 
HlUiy  be  retaiaed  in  the  mixture,  and  contaminate  the  button  of 
Bnper  resulting  from  its  subsequent  treatment. 

The  purification  of  the  alloy  obtained  is  now  to  be  effected  by  a 
proceis  called  retiuing.  This  operation  has  for  its  object  the 
separatifin  of  all  the  more  oxidisable  metals  with  wliich  the  copper 
is  aj«j«o<'i!ited,  and  is  carried  on  in  an  ordinary'  muffle  furnace.  Aa 
a  support  for  the  button  of  alloy,  a  bone-ash  cupel  is  commonly 
,...r  I  ,N,,1  u,..]  as  a  considerable  degree  of  heat  is  required,  the 
I  havo  a  good  drauglit.  When  tl\©  iivxnvttcfe  wx\ 
cwj^ti  luiiL  .'. .  i^me  be»tea  to  bright  redn^^a,  the  WU/OU  til  Vssi^^UT^ 
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is  introduced  with  proper  tongs,  aad  Uie  opening  rfl 
closed  during  a  few  niinates  witk  its  stopper,  in  «  ' 
exclude  the  air,  and  cause,  by  the  temporary  ele?ation  rf^ 
j^erature^  the  fusioa  of  the  metal. 

When  the  button  has  become  melted,  and  the  door  Im' 
a^ain  removed  from  the  mouth  of  the  muffle,  the 
little  pure  lead  is  made  to  the  fluid  alloy,  and  the 
refining  at  once  begins.    The  lead,  the  combined  mel 
portion  of  the  copper  itself,  are  thus  oxidised,  and  fonoil 
compound  which  surround*  the  central  globule  of  an 
and  18  gradually  absorbed  :  the  button  now  appeal^  : 
by  a  rapid  rotatory  motion,  andia  constantly  covepedb)  a  Iti^^' 
iridescent  pellicle.     At  the  point  at  which  the  proce»  of 
is  about  to  terminate,  this  movement  becomes  more  rapitl  fsdi 
colour  of  the  coating  of  oiide  grows  brighter,  but  the  liutwal 
metal  soon  becomes  suddenly  consolidated,  and  the  peilidil 
oxide  at  the  same  time  entirely  disappears. 

These  appearances  constitute  what  is  called  the  brigl 
the  button,  which,  with  the  cupel  on  which  it  is  supportoi' 
be  at  once  removed  from  the  muffle. 

The  refined  metal,  when  taken  from  the  cupel,  is 
covered  with  a  coating  of  oxide,  which  is  extremely  difSc 
remove  when  the  cooling  has  been  allowed  to  take  phice  gndt 
but  it  on  withdrawing  the  button  and  its  support  fixjm  th«*fu 
they  be  immediately  plunged  into  water,  the  oxidised 
becomes  so  far  detached  as  to  admit  of  being  easily  remOTedl 
few  blows  of  a  light  hammer. 

The  cleansing  of  the  refined  metal  is  still  further  faciUti 
throwing  on  the  button,  immediately  after  it  has  brightei 
before  removing  it  from  the  muffle,  about  seyen  per  en 
vitrified  borax,  in  fijie  powder.  The  covering  of  Ai^mI 
soda  with  which  it  is  in  this  case  covered,  wiU  be  found 
brittle,  and  but  slightly  attached  to  its  surface,  as  the  fir*t  bio* 
of  a  hammer  is,  in  most  instances,  sufficient  for  its  removal.  Tl 
same  results  may  be  obtained  by  plungiug  the  button,  whikk  W 
hot,  in  a  weak  solution  of  phosphate  of  soda.  The  result 
per.  If  perfectly  rt^fined,  should  be  very  malleable,  and 
red  colour. 

The  pcr-centage  amount  of  copper  contained  in  the 
alloy  cannot^  however,  be  directly  deduced  firom  the 
refined  metal  obtained,  as  a  portion  of  copper  is  not  only 
off  in  the  state  of  oxide  with  the  lead  and  other  metals,  nni 
Bequently  absorbed  in  the  cupel,  but  a  certain  quantity  is 
expended  in  the  formation  oi  the  coating  of  oxide  or  bt 
which  its  surface  \a  m\aim\A^  cQ^^sted.  ViilUre^^to  tho 
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tlnn  treated,  two  dLstmcTt  cases  may  occur ;  thej  maj  either 
lend,  or  be  entirely  free  fn»m  all  mixture  of  that 
Domi  is  predeut*  a  tentU  part  of  lead  in  added,  in  auc 

until  the  copper  be  pure.     To  di'teniiiue  the  tme  pro- 
r  copper  contained  in  the  aUoy,  Berthier  recommenda 
tJne-elcTeoth  of  the  weight  of  all  oiidiaable  metals,  including^ 
'  added^  and  one'teuth  of  the  weight  of  the  borax  thrown ' 
i  cupel,  should  be  added  to  that  of  the  assay  button  obtained. 
however,  thoui^i^h  sufficientl?  near  the  truth  formally  practical 
cannot  be  rigorously  exact,  aa  ihe  loss  experienced  must 
not  only  on  the  amount  of  oiidisable  metals  present,  but 
on  the  nature  of  these  metals,  and  the  degree  of  heat  to  which 
button  may  have  been  subjected  during  the  process  of  refining. 
^      fwpper  is  asBodated  with  lead,  it  may  either  be  preaen^^ 
small  proportion  for  the  purposes  of  refining,  or  may  be 
^icient.  or  too  much,  for  immediate  treatment  on  the  cupel.    In 
fWt  case  lead  must  be  added  by  tenths,  until  the  copper 
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*^*.^Toins  pure;  in  the  second  it  becomes  unnecessary  to  make  any 
^'  "  mu;  and  in  the  third  instance  a  weighed  quantity  of  fine 
r  must  be  supplied ;  after  which  the  assay  is  conducted  with 
usual  precautions,  and  the  ordinary  deductions  and  allowances 

fvoportion  of  copper  contained  in  a  button  of  alloy,  can, 
r,  be  at  once  determined,  without  making  any  of  the  sup- 
iona  which  are  necessary  by  the  method  already  deaonbea ; 
this  mode  of  opemting  is  consequently  in  some  instanoea  to 
";rred,  particularly  when  the  alloy  examined  already  contaioa 
as  in  such  cases  it  is  requisite  to  determine,  with  at  leaat  a 
ible  degree  of  approximation,  the  amount  of  that  metal,  before 
enabl^  to  allow  for  the  loss  experienced  by  the  copper. 
obWate  this  inconvenience,  two  cupels  should  be  placed  side 
ie  in  a  well  heated  muiHe^  and  when  sufficiently  hot,  an  equal 
itity  of  pure  lead,  say  400  grains,  is  to  be  introduced  into  each, 
toon  as  this  has  become  melted,  and  presents  a  bright  e?ea 
100  grains  of  pure  copper  are  added  to  the  one,  and  an 
weight  of  the  alloy  to  bo  examined  to  the  other. 
9  retiuing  is  now  conducted  in  the  usual  way,  and  on  weigh- 
the  rci^ulting  buttons,  that  from  the  pure  copper  will  be  foimd 
be  the  heayier.     Il',  tlien,  we  allow^  wnich  must  be  very  nearly 
caae,  that  the  difference  between  the  two  weights  correspondfa 
Hthe  quantity  of  foreign  metal  contained  in  the  alloy,  and  that 
•tity  of  copper  oxidised  is  the  same  in  both  instances, 
by  adding  to  the  weight  of  the  button  obtained 
the  loat  experienced  on  the  pure  copper,  we  ahall 
u  the  total  fjiiaotity  of  copper  ongUMdly 
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This  assumption,  though  not  in  all  cases  strieUj 
sufBciently  exact  for  commercial  purposes,  and  affoMa  goodoi 
by  which  to   c^cubtc  the   amount  of  copper   which  ixiuldl 
extracted  Ijrom  such  alloys  by  ordinan'   metallurgic  tivital 
The  process  of  refining  will  in  even.*  respect  be  predselr  thiH 

»  whether  the  metal  treated  be  an  artificial  alloj,  or  the  piS 
of  the  immediate  reduction  of  the  roasted  ores  belonging  to  I 
ttiird  clad8  ;  and  when  the  process  Uat  deecribed  i8emploj>p4^ 
is  no  inconvenience  in  the  uae  of  a  large  exoesa  of  lead  on  the  cup 

Estimation  of  Copper  lijr  tlie  Wet  Way. — To  assaj  eH^ 
ores  bv  the  humid  way,  they  should,  after  being  propedj  || 
rerifiei  be  treated  with  aqua  regia  diluted  with  witcr,  tod  I 
liquid  supersaturated  with  ammonin,  and  filtered.  The  prrctpio 
must  ali^o  be  washed  wnth  ammonia,  until  the  drops  ptfl 
through  the  filter  have  become  perfectly  colourless,  after  nil 
the  filtrate  must  be  evaporated  to  drrnefis,  to  ex{>el  the  ammoniii 
salts,  and  the  fixed  residue  dissolTed  in  hydrochloric  acid,  &i 
which  solution  the  copper  id  precipitated  oy  a  plate  of  iron 
einc,  and  estimated  with  the  precautions  already  detailed. 

Should  the  mineral  operated  on  be  suspected  to  contain  «hi 

»it  becomes  necessary  to  filter  the  solution  in  aqua  regis,  bra 
the  addition  of  ammonia,  by  which  the  chloride  of  silrer,  if  I 
were  present,  would  be  readily  dissolved,  and  either  "•■— 
explosion  on  evaporating  to  tlrjTiess,  or  be  reduced  tv. 
eopper  to  the  metallic  state,  on  the  introduction  of  the  t:u  ui  u 
or  zinc* 

K  The  ores  most  frequently  treated  for  copper  are  the  sulphurtU 
K  find  of  these,  copper  pyrites  is  by  far  the  most  abundant  snd  iflfl 
H  portant.  Copper  glance  and  grey  copper  ore  are  also  abandsntfl 
■  found  in  somelocidities,  and  are  valuable  sources  of  this  oietal.  J 
The  grey  ore,  or  Fahierr,  in  many  instances  contains  silver,  aoH 

tid  on  that  account  subjected  to  various  processes  in  order  to  MU 
its  separation.  " 

The  oxides  and  carbonates  are  of  more  rare  oceiureQee,  and  ■« 
for  this  reason  less  extensively  employed  for  smelting  purpoaef  i 
but  contain  a  much  larger  per-cent4ige  of  metal,  and  are  Qoat^ 
queutly  valuable  in  the  same  proportion.  These  ores  (the  ooAti 
and  carbonates)  alford  the  metal  which  they  contain  wilh  grdft 
facility,  and  therefore  admit  of  very  simple  metallurgic  trestmait 
By  simple  fusion  in  a  small  blast  iumace  with  a  due  adniixtuzc  cf 
ai&oeous  aUgs,  they  yield  n  --*•<>'-  -"  -  v-own  by  the  nams  d 
black  copper,  and*wW\\,  ^«=^  ^<>  >  y^coamA  rf 

jefning,  13  converted  \x^f^  ^^^  " 
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The  sidpliarets  of  copper  are,  on  the  contnuy,  extremely  diffi- 
"^^il  to  reduce,  and  require  several  preliminarr  roaFtines  before 
*«is  I  :in   be  effectuallv  aocompb'ahed.     The  object  of  thiB  is  to 
.^*^j?form  a  large  proportion  of  the  eulphureta  present  into  oxides 
**;j  iUii  oxidising  influence  of  the  air.     The  roasted  ores  are  after- 
"WitrtLi  fused,  either  with  iiliceous  matters,  uaed  aa  a  flux,  or  with 
^C^thf  r  ores  ci>ntaiDing  a  proper  amount  of  silica,  in  a  revcrberatory 
^Vinrnce  or  cupola,  by  wnieh  meana  a  lic|uid  matt,  rich  in  copper, 
^^^(i  t^ontaining  a  smaller  per-eeutoge  of  sulphur  than  the  original 
Uv,  is  obtained* 
Copper,  when  thus  treated,  baa  a  stronger  aiBnity  for  sulphur 
"t:]uin  the  iron  with  which  it  is  associated ;  whilst,  on  the  contrary, 
'tie  ktter  verr  readily  combines  with  oxygen,  particularly  in  the 
Xw«sence  of  silicic  acid,  by  combining  with  which  various  silicatea 
^ftf  the  protoxide  of  iron  are  produced.      The  oxide  of  copper 
^brmed  during  the  process  of  roaating  is,  irom  this  cause,  entirely 
^sonverted   into   sulnhuret,  at  the  expense  of   the    snlphuret   of 
ixon  and  fusible  silicate  of  that  metal,  and  a  fluid  matt,  rich  in 
^X)pper,  is  the  result  of  the  operation.     The  siliceous  slag  thus 
<?ontainB  the  greater  portion  of  the  iron  originally  present  in  the 
pyrites,  and  the  matt  produced  consists  of  nearly  the  whole  of  the 
»ulphuret  of  copper,  together  with  traces  of  suJphuret  of  iron 
'Which  have  not  been  ent&ely  decomposed.     This  product  is  agun 
wibjected  to  a  ftirther  roasting,  and  is  subsequently  fused  either 
"^Ttii   siliceous  matter,  or  with  a  natural  carbonate  or  oxide  of 
copper  containing  a  proper  amount  of  silica.     By  these  means 
another  slag  is  obtained  at  the  expense  of  the  greater  portion  of 
the  iron  contained  in  the  first  matt,  whilst  that  which  is  now  pro- 
duced is  still  richer  in  copper  than  that  resulting  from  the  first 
fusion  of  the  ore.     These  operations   are   successively  repeated 
until  an  in^jure  black  copper  is  produced,  together  with  a  certain 
^^  Jortiou  of  very  rich  matt  and  a  fusible  shig.     The  matt  thus  ob- 
^Hnmed  is  added  to  that  produced  in  other  operations,  and  conse* 
^fiu^^nHy  the  final  result  will  in  all  cjises  be  black  copper,  which  ia 
'irds  rendered  ductile  and  malleable  by  being  subjected  to  a 
i  of  refining, 
details  of  the  processes  by  which  copper  is  obtained  from 
u«  i.ri-'s  vary  exceedingly  in  diflerent  localiiieSj  and  it  would,  there- 
fiirc,  be  impossible,  within  the  limits  of  the  present  Treatise,  t<> 
describe   the  whole  of  them    with  any   degree   of  exactness ;   I 
ahall  therefore  confine  myself  to  some  of  the  more  important 
Ills,  which  may,  at  the  same  time,  be  considered  aa  types  of 
irioua  classes  to  which  they  belong. 
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In  this  coimtrj,  where  more  tban  one-half  of  tl 
Buined  in  the  world  m  amiuaUy  produced,  a  very 
tern  of  metal lurgic  treatment  w  adopted. 

The  most  iniportaiit  rniuea  of  {rreiit  Britain  are  llii 
e^juutv'  of  Cornwall,  and  the  principal  estnblit^hmeii! 
iiietallurgic  treatment  of  copper  ores  are  situated  in 
bourhood  of  Swansea,  in  South  Walea.  These  smeltl 
besides  reducing  the  oi^es  obtained  from  the  mines  of  t| 
England,  are  also  furtiished  with  a  considemble  anoj 
iorom  various  other  countries ;  such  as  South  Australia^  i 
and  the  islund  of  Cuba. 

The  minerals  treated  in  thi»  locality  may  be  divided  ti 
elassee  in  aceordunco  with  their  respective  richness  in  I 
the  nature  of  tbe  isubstancea  with  which  the  metal  ia  ai 

The  1st  class  consist:*  of  copper  pyritea  mixed  ^ 
quantities  of  iron  pyritea,  and  accompanied  with  but  a 
amount  of  either  oxide  or  carbonate  of  copper-  ~ 
UBuallj  contains  nmch  earthy  and  siliceous  matt 
centagc  of  metal  varies  from  3  to  16  per  cent. 

2d  Class. — Copper   pyrites   having   iiear!y  the   i 
composition  as  the  minerals  of  tlie  above  class,  but 
copper.     These  ores  may  contain  from  15  to  25 
taiiic  copper. 

3d  Chiss, — Copper  pyrites  containing  but  a  srai 
iron  pyrites  J  or  any  ingredient  liabh*  to  deteriorate  tl 
the  inelid  produced,  but  a  larger  amount  of  the  Ttaiot 
ores  of  copper, 

4th  Class. — Minerals  chiefly  composed  of  the  oxidei 
bonates  of  copper  mixed  \nth  variable  proportions  C 
pliuretted  ores  of  the  same  metal.  These  minertJs, 
usually  a-^sociatcd  with  quartz,  contain  from  20  to  30  p 
pure  copper. 

5  th  Class. — Oxidised  minerals,  extremely  rich,  free  fro 
and  all  substances  exerting  a  pernicious  influence  on  1 
of  the  metal  obtained.  Those  ores  frequently  contain 
per  cent,  of  copper,  which  exists  either  in  the  metallic  a 
a  mixture  of  tbe  carbonate  with  the  red  oxide.  Th 
minerals  iim  associated  with  a  siliceous  gangue,  and  M 
either  from  Cliili  or  Houth  Austraha. 

The  detaiJs  of  the  ditlerent  operations  emplov 
tion  of  copper  ores  by  tlie  Wel^*h  method  are  >  n 

Turied  so  ad  to  &\ut.  tae  ^ec;^i\i&xvivia%  oC  the  varioi 
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^Vbei»e  spotits  are  Drorided  with  sliding  doors  at  tbeir 
(Httiea,  by  the  withdrawal  of  which  tht?  ore  majr  bt? 
kU  directly  on  the  bottom  of  the  atraugtjnient. 
:ibujitible  emplojed  in  the  Welsh  Copper  Work*  is  the 

fouiid  in  that  district,  which  igniter  with  conaidemble 
and  is  liable,  under  the  influence  of  heat,  to  divide  into 
small  fraj^menta.  On  this  account,  if  eonaumed  on  an 
rate,  the  fire  would  »oon  become  choked  from  the  ac- 
ti  of  fine  duat,  by  which  the  draught  becomes  obstructed. 

obtained  from  thiiit  substiknce  under  ordinary  circuin- 
luld,  mort*over,  not  be  of  sufficient  lengfth  to  heat  in  a 
lanner,  in  its  whole  extent,  the  hearth  of  the  furnace,* 

P*  iconveniencea  are,  however,  perfectly  obviated  by  a 
ingenious  contrivance,  by  which  the  fuel  is  eon- 
ting  80  eonatructed  aa  to  supply  it  constantly  with 
heated  air  necessary  for  ita  coaibustion.  The  an- 
il burning,  leaves  a  proportion  of  earthy  matter,  which,  at 
mperature,  ia  readilr  fuaed  into  a  ailioeoua  slag,  and 
;he  ftmelter  forms  a  kind  of  hollow  grate,  which  is  aup- 
a  few  bars  of  iron  placed  at  conaiderable  distances  from 
',  To  prepare  a  gratiug  of  thia  kind  some  large  frag- 
icoria  are  so  placed  on  the  bars  aa  to  form  a  tirst  layer, 
a  the  a^hes  of  the  combustible  are  allowed  to  accumulate 
ion  aa  they  are  produced  :  by  the  fusion  of  these  cinders 
fragments  of  anthracite  become  imbedded  and  aggluti- 
rther,  and  a  kind  of  8pong>'  siliceous  mass,  traversed  by 
juber  of  apertures,  ia  the  rt*suJt.  When  these  matters 
ligh  repeated  accumidations,  become  raised  to  a  sufficient 
tn  the  l)ai*8,  their  further  Lncrease  is  prevented  by  oeca- 
kUBing  the  fall  of  the  lower  portions  by  the  use  of  a  long 
L  111  this  way  are  formed^  through  the  earthy  maaa,  a 
Bumber  of  channels  to  yield  a  free  passage  to  the  air 
far  the  combustion  of  the  fuel,  and  which,  in  passing 
be  interstices  of  the  heated  slag  it  sell*,  acquires  a  con- 
elevation  of  temperature  j  thcs^e  apertin^s,  althoiigh 
f  numerous  for  the  passage  of  air,  are  too  small  to 
finely -divided  anthracite  to  descend  into  the  apace  be- 
bars/  The  anthracite  used  for  fuel  is  mixed  with  about 
i  port  of  its  weight  of  the  screenings  of  a  caking,  bitu- 
net^V  of  coal,  w^iich  serves  to  bind  together  the  com- 
nd  impart,  to  it  the  necessary  degree  of  porosity. 

■  ig,  by  an  almost  infijiite  niimher  of  chaunela,  through 
anthracite  thus  arrnngcd,  is  principally  converted 

»xide  gas,  which,  together  with  the  uitrogcu  txi^\Av- 
•  Le  P/iiy. 
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ing  froin  the  decomposition,  pusses  ovei-  the  fin*  bn-l-" 
laboratory  of  the  furnace.     Here  it  takes  fire,  and  r.s 
the  expense  of  the  atmospherie  uir  which  euten*  by  t ' 
as  well  as  by  various  ainnll  holes  left  in  the  iron  pl:i 
the  lateral  openings  arc  closed  diiriug  the  rotihtm^.      in 
the  whole  internal  cavity  of  the  furnace  is  conbtantly  oc- 
along  sheet  of  flame,  caused  by  the  igniti  ' 
which  burns  on  coming  iuto  eont-act  with  a  > 
air  so  admitted  as  to  spread  immediately  o\cr  i 
beai-th.      The    minerals    spread  on   the  sole  . 
exposed  to  a  current  of  air,  above  which  is  u  i>iir-*ili  . 
bonic  oxide  gas,  which  is  inflamed  at  its  1o>v<t  ^ir 
comes  in  contact  with  the  oxidising  stratum,  in; 
the  amount  of  heat  neeessiiry  to  carr}*  on  the  ujm 

The  working  of  a  charge  of  ore  commences  wii 
in  the  action  of  the  ftimace,  and  is  begun  iinu, 
withdrawal  of  the  calciined  ore  resulting  trom  the  pr 
Each  charge  varies  in  weight  from  three  to  three  mi..  _ 
and  is  intRnluced  by  withdrawing  the  sliding  danipew 
bottom  of  the  hoppers,  in  which  the  ore  is  placed  during  j;..  — 
ing  of  the  prececuug  parcel.    As  soon  as  it  lias  been  Ivl  down,  it  h 
spread  evenly  over  the  surface  of  the  hearth,  by  Iwug  irou 
successively  introduct'd  tlirough  the  four  working  doom^  wfe 
securely  closed  immediately  that  the  bottom  of  the  iiir;         ' 
properly  covered.     At  the  expiation  of  two  hours  ti 
removed,  and  the  ore  is  stirred  with  1<! 
expose  a  new  surface  to  the  oxiditdng  1 1 

This  operation  is  repeated  at  intervals  lA  tv. 
the  expimtion  of  twelve  hours  the  roasting  is 
HutBciently  advanced.  In  order  to  withilraw  th» 
mcu  open  the  four  working  doors  ff,  and  utYer  li 
pliites  of  iron  which  cover  the  openitigs  p,  i 
through  the  apertures  by  the  use  of  iron  nike- 
fall  into  the  arched  chumbera  c,  from  which,  vihen  vntgir 
cooled  down,  it  is  removed  tu  order  to  be  charged  in  Xha 
furnace  of  the  next  operation. 

11. — This  furnace  is  ri'p'-  -"Mt.Ml  hv  fi.Tw 
the  ilrst  is  a  vertical,  and  i 
employed  for  til"  ♦■"^■•"  >i  ;,M   i  ,.,o;. ..  .i. 
two-thinls  of  u  and  one-third  of  ^ 

which,  as  in  tlw  i.muj.i   ca«c,  are  burned  - 
ported  on  iron  hnm.    ^I'hr*  heat  in  this  in- 
"  <  comhustiou  of  carlMiriii        ^ 
J  re  is  attained  \>y  i\  c^» 
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pe«  of  the  lieftted  gases,  before  its  calcination  has  become 
^tlv  AtlraDCfd.  During  this  time  the  matter  on  the  floor 
furnace  i.^  fjv^ueutly  turned  with  an  iron  rake,  and  at  the 
■tion  of  the  process  it  is  drawn  through  an  opening,  and 
lo  a  chamber,  by  the  arched  roof  of  which  the  hearth  of  the 
■ment  ia  supported. 

^be  roasted  coarse  metal  ia  melted  with  a  due  admixture 

^M  belonging  to  the  fourth  claaa :  i.e.  with  such  aa contain 

PIB  proportion  of  iron  pyrites,  and  are  rich  in  oride  and 

Ute  of  copper.     To  this  is  added  some  rich  copper  slag, 

l^fiom  the  process  of  refining  to  be  hereafter  described^ 

^B|  proportion  of  the  scales  which  fall  from  the  rollers  by 

PRnetal  is  reduced  to  the  state  of  sheet  copper.    The  ftir* 

i  which  this  fusion  is  carried  on  nearly  resembles  that  in 

Hie  calcined  ore  of  the  first  operation  is  melted,  but  is  with- 

b  internal  basin  there  described.     The  method  of  regulating 

I  is  also  precisely  similar,  but  in  this  case  it  is  sought  to 

|e  a  higher  degree  of  heat^  and  the  operation  occupies  a 

» time  oy  an  hour  than  the  fusion  for  coarse  metal  aJreadj 

ied.     For  this  fusion  the  charge  should  be  so  arranged  thai 

lole  of  the  sulphuret  of  iron  present  may  become  oxidised  at 

pense  of  the  metallic  oxide,  and  in  the  form  of  a  silicate  pass 

y  into  the  slags ;  whilst  on  the  other  hand  the  copper  com» 

with  the  sulphur    to  form  a   fusible   sulphuret.      TheM 

B  principally  take  plac«  ailer  the  matters  constituting  the 

hare  entered  into  a  state  of  complete  fusion,  and  appear  to 

entirely  limited  to  the  mutual  reaction  of  the  sulphuret 

and  oxide  of  copper,  as  a  very  small  quantity  only  of  sul- 

acid  is  generated  and  evolved.     Towards  the  close  of  tho 

the  workman  stirs  the  char^  briskly  with   an  iron 

and  afterwards  urges  the  fire  dunng  a  short  time,  in  order 

«  a  proper  separation  of  the  fusible  matt  from  the  slaff 

liieh  it  is  associated.     The  tapping  bole  is  now  unstoppe^ 

liquid  matt,  or  white  metal,  flows  into  sand  moulds,  where 

the  form  of  rectangular  cakes.    These  operations  occupy 

*-e  to  six  hours,  and  the  scoriie  which  follow  the  sulphureta^ 

ring  from  the  furnace,  are  divided  by  a  careful  hand*picking 

o  classes.    Those  which  are  rich  in  metal  are  selected  for 

rate  treatment,  by  which  copper  of  a  superior  quality  ie 

^  whilst  those  of^  a  poorer  description  are  reserved  to  be 

with  the  roasted  cx>arfie  matt  in  the  next  fusion. 

mlphuret  thus  obtjiined,  to  which  the  name  of  white  metal 

eofntaina  about  70  per  cent,  of  metallic  copper,  and  ifr 

lepEMented  by  the  formula  Cu^,  sdt\ioug\i  m  iSaam 


COPPER, 

itfldll  ntaios  rariable  small  qiijuititiei  of  < 

V.^-IW  kmupvlalHNis  emplojed  to  eilect  the  YtL 
'  CStrmrlr  analogous  to  those  already  (le 

of  rirw  ther  may  be  reganiod  au  n       _ 
of  the  (iision  fV.    A  similar  obsenratiou  m»? 
to  ll»  tkive  aoocseediTu:  ttperatious.     The  \  l\ 
Vis  pnaci^  detnils  r  the  openUiu 

Ibr  Vlllb  and  VllJth  i  :  ^  art^  in  rt-di 

iif  ike  IXth  ^tage  of  this  eoinplicHted  procca*. 
TW  fbnoo  V^  and  the  roasting  Vll  and  VIll.,  ^hicli 
flNDMHanr  to  tmch  other,  aiv  made  with  a  view  to  the  prefi 
mitt  of  nci^r  quality,  and,  above  aU,  containing  fe«  * 
tlltti  tlM  Qf^dinarv^  white  luetiil  of  the  operation  IV. 
i*  eflbcted  fcy  producing,  by  successive  opel 
rrafCtioiis  of  a  more  raried  and  efficacious  niitun 
vhieK.  under  ordinary  circumstances,  are  accompliah^ 
atuukk  fusion.  For  this  reason,  these  three  opemtiol 
la  tW  liVdali  sBieltiDg  establishinenid,  grouped  under  the 
tlip  turfra  jwti»t>  in  oootnidistinction  to  the  ordinary  /tfd 
idkicli  IV.  IWnis  one  of  the  connecting  links. 

TH«s**»  two  dimtons  of  the  routine  employed  for  the 
uf  *  >\^  in  the  "Welsh  smelting  works,  are,  howerl 

Ukii  \*tetl  \nlh  each  other  in  three  distinct  points 

In  I3h»  .  the  raw  material  used  is  the  same  iu  ei 

tb,  iht  v>arse  metal ;  their  final  products  are  more 

««ibjectt\l  to  itir  IXth  operation  ;  and  lastly,  one  of  the 
ptoducts  of  the  fusion  iV. — i.e.  the  richest  slags  produced 
9ta|^^  of  the  manipulation — when  eubjected  to  the  Vlth 
pw  ris<*  to  the  formation  of  matts,  which  are  sobso 
in*«tiHl  in  the  operations  Vll.  and  YJll.  in  the  same  way 
^inr  ttkotal  »»f  the  Vth  process.  These  two  series  of  mniuDi 
__  CvH\stHp»ently  directly  connected  by  the  fusion  VL,  anU 
''^ff^Mim  it  has  l>eeu  thought  [>roper  to  introduce  the  descH 
tW  rxtm  pnK*e8S  in  the  order  which  it  occupies  in  the 
jiyni'»{^is. 

lu  auother  point  of  view  a  considerable  difference  exists 
e  two  hnuu'hes  of  the  Welsh  method,  aa  the  product 
prtHvss  derive  their  superior  quality,  not  only  f! 
■fvaU'^r  care  employed  in  their  treatment,  but  also  in  i 
Spgrtv  innu  the  more  careful  choice  of  the  ores.  The  roastci 
tuetal  tj(i(Hl  for  the  fusion  No.  V.  is  consequently  someti] 
I^MjriHi  fnuu  carefully  selected  ores,  or,  when  this  is  not 
'  ''^^  is  made  of  a  certain  portion  of  roasted  pyritci 
doscriptiou  beVongiu^  W  ^Xa.'fe*^  *i» 
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The  furnace  in  which  this  lirsi  operation  of  the  extra  prat-ess 

conducted,  exactly  resenibk's  that  used  for  the  IVth  fusion, 

the  combustible  with  which  it  is  supplied  is  also  the  same. 

•'^fry-two  charges  of  2  tons  each  are  usually  passed  through 

irniioe  diirinif  each  week. 

characteristic   reactions  of  this  fusion   are  analogous  to 

of  the  preceding  operation.     The  first  application  of  heat 

Tiines  the  liquefaction  of  the  sulphurets^  and  a  partial  reaction 

en  thenj   and  the  oxides  also  present  in  the  mixture  con- 

i«n lilting  the  chiu-ice*     The  oxide  of  copper,  in  paj-ticutar,  reacts  by 

meauH  of  its  oxygen  on  the  sulphur  and  iron  of  the  mixed  sul- 

_  iving  rise  to  the  formation  of  sulphurous  acid,  which  is 

the  gaseons  state,  and  protoxide  of  iron,  which  combines 

to  form  a  fusible  slag :  the  copper  which  is  thus  set 

iues  with  the  uudeconiposed  matt,  which  is  enriched  by 

channel  of  the  accession  of  a  fresh  ainoimt  of  metal, 

by  the  elimination  of  a  certain  proportion  of  the  aul 

t  of  ii'on  with  wliieh  it  was  associated.     During  the  tinr 

iif'se  reactions  are  proceeding,  a  Bilicate,  to  a  greater  or  lea 

a  charged  with  oxide  of  co[>per,  begins  in  its  tuni  to  enter 

iigiun,  and  at  this  period  commences  a  hind  of  slow  refining, 

j;  which  the  oxide  of  copper  of  the  silicate,  and  the  sulpburet 

I  of  the  matt,  produce  oy  their  mutual  reaction,  and  without 

\otution  of  sidphurcms  acid  gas,  a  certtiin  amount  of  sul- 

t  of  copper,  by  which  the  matt  is  enriched,  while  oxide  of 

s\  hich  passes  directl?  into  the  sbgs,  is  separated. 

V  i. — The  furnace  employed  for  this  operation  is,  in  the  interior, 

formed   pn-cisely   in  the  same  way  as  the  furnaces  used  for  the 

I  fusions  already  deseril>ed;  but  from  the  mechanical  ditlerence 

1  exists  between  the  substances  treated,  it  becomes  ueces- 

Home  slight  variations  should  be  made  in  its  external 

nt.     The  scoria;  wliich  are  introduced   in  the  form  of 

ncnts,  could  not  be  conveniently  charged  by  the  iron 

nitherto  employed  for  that  purpose,  and  these  are  eon- 

fitly  suppressed  in  the  furnace  devoted  to  the  VI th  nnera- 

(*)n  the  other  hand,    it   would  be  extremely    diflicuit    to 

i   them  c<]uxdly  over  the  whole  surface  of  the  henrth,  by 

■uig  through  the  dtwr  situated   at  the  furthest  extremity  of 

unuu:e,  aji<l  therefore  an  opening  is  so  placed  in  one  of  the 

-  to  facilitate  this  opemtion.     The  latend  door   is   only 

iring  the  titne  the  charge  is  being  introduced,  and  m 

..  .iily  sealed  with  a  luting  of  fire-clay  during  the  whole 

prriiHi  of  working  it  off.     The  embrasure  in  which  the  tupping 

oole  in  aitualed  is  invariably  on  the  opposite  »\t\c  ot  V\ve  K\xt\i«k.v:<; 

al  tlai*  ot}jer  vxtromity  uf  thv  amaJJer  itxia  ol*  t\\e  \\caTl\\* 
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twpper  contained  in  the  slags  react  on  the  sulphuret  of  iron  pre- 
sent ID  the  matt.  Hiae  metal  is  the  only  source  of  copper  em- 
ploTed  in  this  operation,  but  it  h  important  to  be  remarked  that 
ala  surface  is  thickly  coated  with  siliceous  sand,  furmshed  by  the 
moulds  in  which  it  has  been  caat,  and  which  plays  a  very  important 
part  in  the  niet^illurgic  chaugea  which  take  place  during  its  sub* 
•eoueut  treatment. 

rf  o  reagcnta  are  employed  except  the  siliceous  matters  of  the 
Ikimace^and  theoiygen  furnished  by  the  admission  of  atmospheric 
Air.  The  air  introduced  during  the  first  div-iaion  of  tlie  process, 
determines  the  production  of  the  metallic  oxides,  and  the  bricks, 
sanci  xvnd  clay»  of  the  apparatus  give  rise^  by  their  combination 
\ritli  these  oxides^  to  the  formation  of  the  eiliceous  slags  so  indis- 
pensable to  the  subsequent  improvement  of  the  matt. 

The  furnace  in  which  these  reactions  take  place  closely  resem- 
bles that  emjjloyed  for  the  fusion  of  slagss  in  the  Vlth  operation  ; 
it  19  pro'i'ided  with  a  lateral  door,  which,  together  with  that  at  the 
f  the  hearth  furthest  removed  from  the  grate^  serves  for  the 
luction  of  the  charge.     The  tap-hole  is  situated  at  the  other 
BJ  *•  furnace,  exactly  opposite  the  lateral  door,  and  the  only 

r  r  in  which  it  differs  from  the  preceding,  is  that  it  has  an 

I  iig,  or  air-hole,  situated  on  one  side  of  the  fire-bridge,  similar 
«t  of  the  ordinar}^  roastiug  funiace,  and  which  in  this  case 
•<  to  introduce,  during  the  first  period  of  the  operation,  a  large 
^..^a^atitv  of  air  over  the  surface  of  the  matters  spread  on  the 

The  charge  of  a  furnace  of  this  kind  is  two  tons  of  blue  metal, 
^\r\i  usually  remains  in  the  furnace  rather  leas  than  twelve 
Km  ii'Tj.  It  is  essential  to  the  success  of  this  operation  t!int  the 
Kiifpfmret  should  be  added  in  rather  large  fragments,  and  since  the 
I  :  il  is  rather  fragile,  precautions  must  be  taken  to  prevent 

n  into  small  pieces  during  the  process  of  charging. 
\  111, — The  eighth  operation,  which  is  the  last  of  the  series  con- 
Hit  ulfng  the  extra  process,  comprises  the  two  methods  of  purifica- 
?'jyed  in  the  stages  VI.  and  Vll,     The  furnace  its  m  every 
ir  to  that  used  for  the  Vllth  roasting,  and  tlie  working 
niay  be  dinded  into  two  distinct  poriodK.     During 
rue  roasting  or  slow  fusion  of  the  white  nietal  under 
iiig  iiifluLnice  ut"  utiuoHpheric  air  is  efl'ected  :  and  in  the 
iL^e  the  refining  of  the  matt  is  completed  by  the  reaction 
'  um  of  coppi^r  »*iag.     The   BuhHtances  charged  into  thia 
tixiKt  of  tlie  white  metal  of  the  A' 11th  roa^^ting,  together 
ind  white  matt  obtained  from  the  Vlth  funiou;  but 
,  ^  *  U acts  arc  al  ways  sepftrately  treated,  becttuaw  Ww:  C;c»\^^^ 
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obtained  from  them  differs  luiiterially  m  quxility . 
which  these  metalhirt^ie  trari8formation»  are   prfid 
oxvf^en  of  the  air,  aud  the  sjiud  brieka  and  other  i 

of  whifh  the  t'lLriiace  is  constructed.     The  durati'  v 

ticin  is  3 J  hours,  and  the  ordinary  weight  of  thcdij  j        r 
li  tona. 

The  products  obtained  from  this  process  consist  of  a  rid 
elag,  a  matt  coutainiiig  a  hiri^e  per-centage  of  copppr,  calli 
lu9,  and  an  impure  kind  of  metallic  copper,  called  botloms 

IX. — The  foregoin<^  series  of  operations^  althoiigh  t!i 
complicatfid  in  their  details,  yield,  with  the  exception  of  ill 
mediate  products,  but  a  very  limited  number  of  definite  md 
compoujida — viz.,  ordinary  white  metal  obtained  by  ti 
fusion ;  the  reguline  matters  obtained  irom  the  extra  pro 
or  the  remeUing  of  sslags  VI.,  which  are  purified  by  the  n 
VII.  and  A^IIL  ;  and  finally,  the  copper  bottom-  '  < 
during  the  yanie  operation,  or  in  the  fusion  of  th*  l 

All  these  dilfrrent  products  are  united  iii  the  IJVth  o 
the  aim  of  which  in  to  expel  by  roasting,  in  the  form  of  si 
acid,  the  sulphur  which  has  heretofore  b€*en  preserved  as 
of  coneentratuig  the  copper.  At  the  same  time,  all  i 
such  as  iron,  cobalt,  nickeU  arsenic,  antimony,  and  tin, 
to  be  eliminated  either  by  the  direct  action  of  atmos^ 
alone,  or  by  the  combined  agency  of  the  oxygen  of  the  ai 
siliceous  matters  present  in  the  furnace.  These  oh 
attained  through  the  medium  of  two  successive  m 
reactions  which  are  separately  conducted  in  the  same  fu 

The  first  of  these  operations,  or  the  roasting  of  the 
produced  by  the  direct  action  of  atmospheric  air  on 
stance,  maintained  for  a  considerable  time  near  the 
fusion,  by  which  means  the  charge  is  finally  made  to  i 
drop  on  the  bottom  of  the  funmce.  During  the  seeon 
the  oxide  of  copper,  which  is  produced  in  large  quantil 
on  the  suiphurets  which  have  not  become  decomposed  d 
process  of  roasting,  which  are  thereby  not  only  purified 
same  time  much  enriched.  The  two  products  resulting 
operation  are  crude  copper,  aud  scoriiP  extremely  rich  in  t" 
and  these  are  reseiTcd  to  be  added  to  the  rcmsted  coarse 
subseipient  fusion  for  white  matt*  This  operation  is 
in  a  reverheratory  furnace  similar  to  those  provided  with 
door  before  described,  and  thronijh  this  the  charges  of 
introduced.  The  matts,  wliich  have  been  run  into  cakea 
rabie  dimensions,  arc  pded  on  the  tloor  of  the  furnace, 
is  sometimes  luode  of  some  rich  oi^idised  minerals  ' 
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The  weight  of  the  charge  varies  from  three  to  three 

If  tons;  tiud,  at  the  expiration   of  about  liaJf  an  hour 

u-r  its  lutroductioiij  the  matt  be^iiia  to  melt,  and  falls  slowly 

tj  tho  holtoTJi  of  the  hearth.     At  the  expiration  of  about  four 

Isotirtt  the  fusion  is  completed,  aud  the  mutters  collected  on  the 

li^-atih  he^iu  to  bod,  from  the  rapid  evolution  of  eulphuroiis  acid 

iced  by  the  reaction  of  the  oxide  of  copper  on  the  sulphureta 

iiieh  the  matts  principally  coneiat.     In  order  that  this  phe- 

iion  mav  he  prolonged  dunuga  considerable  time,  the  temj>e- 

e  18  at  thtH  stage  allowed  to  fiill  very  considerably,  and,  at  the 

ttlou  of  about  twelve  hours,  the  evolution  of   sulphurous 

vill,  from  the  low  temperature  of  the  furnace,  have  entirely 

I.     The  fire  is  now  aj^^ain  incrt^nsed,  and  the  charge  brought 

'  liquid  state^  by  which  meaiia  the  action  18  completed  by  the 

mT  evolution  ot  eulphuroua  acid,  and,  at  the  expimtion  of 

eii^laleen  hours  tVom  iirst  charging,  the  copper  retains  but  a  very 

iT\i note   proportion  of  combiiii'd  sulphur.     The  smelter  now  in- 

"»  to  tne  utmost  the  heat  of  his  furnace,  so  as  to  produce 

>mplcte  separation  of  the  different  matters  which  it  couliiius  ; 

at  the  expiration  of  twenty-four  hours,  after  ha\ing  first 

letl  the  surface  with  a  rake,  ho  taps  the  litjuid  metal  into 

ir  moulds  formed  in  the  floor  of  the  building  in  which 

res  are  situated. 

IS  coarse  cop[ier,   wheo    it   has   cooled,   is   covered  on  the 

•  e  with  numerous  amall  blistei's,  and  the  slags  resulting  from 

1  aeration  fretjueutly  coutaiii  m  much  as  twenty  per  cent,  of 

X. — The  coarse  copper  obtained  from  the  above  method  of 

•^^'^nient   is  now   sub|ected    to  a  process  of  toughening    aiid 

iig.     The  furnace  in  which  this  is  conducted  dirf'ers  but  hltle 

the  other  fusing  furnaces  of  the  Webh  method,  except  that 

r^vpUce  is  made  deeper,  to  atford  the  facihty  of  accumulating 

>    of   combustible;    and  the  arch  over  the  sole  is 

the  necessary  space  for  the  large  charges  of  coarse 

I  vvlueli  it  is  supplied.     The  coarse  copper  is  chiirged  oa 

!  the  furnace  to  the  amount  of  frtmi  seven  to  ten  tons, 

lit  Auv  adiiiixtiLre  of  other  matter;  as  the  oidy  reagerita 

:ire  the  oxyt^en  of  the  air  and  the  siliceous  nmtler  tiir- 

tlie  Hand  udhering  to  the  pigs  of  crude  copper^  and  that 

'iHu  the  bricks,  A:c,,  of  which  the  furnace  itself  is  coni- 

•  ik-   of  copper  to  he  ivfi  lied  are  piled  in  the  form  of  a 
V  heap,  which  extends  to  the  upper  arch  oi'  the  furnace,  and 
..^    us  taken  to  i»o  arrange  the  diii'crent  ingots  sua  to  jClVo^  «l  ^n^SSw- 
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riaHC  poads^  maet  d  ttnr  mttBCDt^  ike  lanee 
irtBT  am  siaoeoai  laiiii  1 1  wink  vkxk  x^nr; 

either  lisiiii  a  fafiocBK  iwmwi  cf  asiiiF  of  mxi  hw 

to  fij«in  afsalMeuc;.  brcnAbminc:^ 
»  present  in  tlxr  «re :  or.  m  t^  vooid  frequnjar 

Terr  prG4oDscd  CMdnskn.  mdi  a  naxoiv  <£ 

on  as  mar  a&sd  &siue  Skd  ic^nabir  bqmd  ancriB- 

heated,  a^er  a lca»  «»pifV^  iiMiiiii  tison  t^  rnraamr 

her  caees.     In  this  nr  orea  ncii  ic  tbir  cas^^  JmL  aoOF 

ire  commoDlj  added  to  tkoae  in  vibdi  aikxKiw  iiwiTiiiii 

nate,  and  vice  vend  ;  and  tkei^  bf  a  jiadjcknu*  nrxam  i£ 

1,  fluid  slags  are  produced  ax  a  mndi  lew  -(fxi«nmai&. 

time  and  money,  than  would  be  reqTiinid  fcr  isisir  aeMDK 

It. 

Drdinary  routine  followed  in  tfat  W*rj»i  «:ira»£r 

1  more  or  less  modified  in  the  Cz5*fT^nA  eKat"*iiHmi%gns 

ses  a  tedious  and  very  expnuiTe  t^^rnticjc. ;  ant 

Kapier's  patent  pioceea  k^  tfaeR^we,  U» 
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i)f  being  more  expeditious  and 
}iod  of  treatment,  this  process 
u  purer  description  of  copper 
method,  as  the  sulphuret  of 
on  of  the  salt  cake,  and  sub- 
iuto  which  the  hot  pigs  are 
ion  such  impurities  as  tin  and 
•f  in  that  menstruum.  The 
-ration  is  in  the  same  condi- 
I'om  impurities,  as  that  result- 
ordinary  process,  and  uuder- 
Jinbined  oxide,  which,  in  the 
;>rooess  to  which  the  ore  has 

lO  second  and  fourth  operations 
sometimes  found  advantageous 
[lounds  of  slaked  lime  and  a 
■.  bases  for  a  certain  amount  of 
poly  silicates,  which  are  much 
■unds  in  which  the  silicic  acid 

e  either  carbonates  or  oxides, 
•f  lime,  or  ajiy  other  base,  and 

advantageous,  in  addition  to 
tor  the  production  of  a  matt, 
ire  of  the  black  magnetic  iron 
ill  and  forge  hammer.  Prom 
o  each   charge  will  be  found 

most  refractory  kinds  of  ore  ; 
uess,  limo  is  the  most  common 
ible  slags  than  those  resulting 

.x)n  slags  and  native  carbonates 
atite,  and  the  otlier  ores  con- 
ctionable,  from  the  oxidising 
)er,  and  which  is  not  remedied 
coal. 

vjess,  however,  the  addition  of 
^)Ossible  avoided  ;  and  when  the 
ce  of  a  good  selection  of  ores, 
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ment  a  large  proportion  of  the  sulphur  present  ia  dftTen  ol 
^  form  of  sulpnuroiiji  aetd  gas,  whilst  another  portion  is  OOO" 
^  into  sulphuric  acid,  which  combines  with  the  oxide  of 
ier  formed  during  the  operation  of  roasting ;  and  the  sulphate 
bat  metal,  or  blue  vitriol^  is  consequently  produced. 
lie  ore  is  next  removed  into  lan^e  vats,  where  it  is  immersed 
Joilin;^  water,  which,  by  filtering  through  it,  dissolves  atid 
ie»  away  m  *»jIution  all  the  sulphate  of  copper  present,  and 
e«  the  ore  chiifly  in  the  state  of  oiide  of  copper  and  peroxide 
tm,  aasocinted  with  the  siliceous  matrii.  This  residue  b  now 
Ji  roasted  with  a  due  admixture  of  the  same  mineral  in  the 

state ;  and  the  sulphur  of  the  latter,  which  would  otherwise 
» gone  off  in  the  state  of  sidphurous  acid  gas,  receiver,  through 
Bgency  of  the  peroxide  of  iron  in  the  ore,  an  additional  atom 
rygen,  by  which  it  is  converted  into  sulphuric  acid:  this  again 
cm  a  considerable  portion  of  free  oxide  of  copper,  and  uniting 
I  it,  forma  sulphate  of  copper,  to  be  again  extracted  by  solu' 

in  boiling  water,  as  before  described, 
bese  successive  operations  are  continued  until  almost  the  wl 
le  copper  has  been  extracted,  and  a  residue  has  been  obtaim 
listing  almost  exclusively  of  silica  and  peroxide  of  iron. 
I)  obtain  the  metallic  copper  from  these  solutions,  pieces  of 
Ight  or  cast  iron  are  immersed  in  the  liquid,  when,  by  the 
ni  of  a  weU-known  chemical  affinity,  the  acid  and  oxygen 
tt  the  copper  and  transfer  themselves  to  the  iron  witfi  tlie 
■lion  of  sulphate  of  ir*:^n,  depositing  at  the  same  time  the 
)er  in  a  pure  crj^stailine  and  metallic  state,  requiring  merely  a 
fusion  to  convert  it  into  cake  copper  of  almost  chemical 

can  be  no  doubt  but  that  this  process  is  capable  of  pro* 
copper  of  great  purity.  Mlien,  however^  it  is  i*emembered, 
luce  one  ton  of  metal  it  is  neeessary'^  to  diHsolvc  17^  cwts. 
iron,  and  that  this  gives  rise  to  the  formation  of  no  less 
7  cwts.  of  copperas,  it  becomes  evident  that  the  teat  of 
frience  will  be  required  before  this  method  can  be  pronounced 
wioT  t€  those  already  in  use. 
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Hthe  continent  ol  Europe,  the  methods  of  treating  the  ores  of 
Wk  ore  made  to  ditfer  both  in  accortlanee  with  the  composition 
m  mineral  operated  on,  and  also  with  regard  to  the  nature  of 
ftiel  most  abundant  in  the  locjdity  ;  but  a  descriytiou  oC  tW'" 
|ilkd  employed  for  the  reduction  of  the  copper  ftcViista  oi'MtuttV 
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feld  will  afford  fl  sufficient  illustration  of  tbe  continentn?  p^ 
Tlipse  schists,  w  hi  ell   jire  stroTigly  impregnated  -^it' 
m!itt*?T,  htmI  rontain  tminertuis  disserainaled  crystalt  . 
vary  consideruhly  with  regard  to  their  richness  in 
inetalltir^^ii"  treatment  is  fomiuent?ed  by  roasting  the  .  L- 
inierHtnitified  with  wood,  by  which  the  tiro  being  first  . 
cnted,  13  afterwards  carried  on  at  the  expense  of  the  hiV 
bitumen  contained  in  the  minei*al  itself. 

To  the  schiat,  after  its  calcination,  is  added  from  6  t--  -I*'  ]- 
cent,  of  fliior  spar,  tof^ether  with  a  certain  amount  of  nln^,  rooiH 


mteljr  rich  in  copper,  ohtflmed  from  n  pf<VY"<tnt'  *>fH*r^fTT»a,' 
oeeiisiouttlJy  ,1  5-1      ' 

of  litm».     The  >^;; 


^  TJk»  mltjc  nil  lrp«l*Mi  uwviWVV^  conWvn*.  i>v\\ 
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pupola«,  Twying  from  14  to  16  feot  in  height,  and  are  supplied 

with  ordiaurr  colie,  or  a  mixture  of  gas-coke  and  charcoal. 

19repr«*j«ent9  a  front  elevation  of  this  apparntos,  and  fig,  150' 

cal  section  through  the  aiis  of  one  of  its  tuyeres  t.    The  ports 

furnace  in  the  neighbourhnod  of  tiie  tuj-erea  is  constructed 

rt  of  refi-actoiy  pudding-stone,  whilst  the  upper  part  of  the 

19  built  of  fire-bricka.     The  air  is  supplied  through  nozzles 

MTon  the  same  side  of  the  hearth,  or  on  the  two  oppoaite 

-  d  of  the  furuacCj  and  at  an  et^ual  height  from  the  bottom 
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^rhp  nrricible.  At  the  lowest  part  of  the  broast  of  the  hearth  are 
ree,  i,  fig.  151,  which  are  alternately  openedj  in  order 
the  liquid  prriducta. 

Minings  coiuinunicato,  by  means  of  the  channels  c  c\  with 

.  .xui  basins,  b,  b,'  three  feet  in  diameter,  and  twenty  inches 

ith.     The  combustible  and  mineral  are  charged  in  regular 

utive  strata,  and  a  slag  nozzle,  of  from  six  to  Hcven  inchea  in 

,  is  allowed  to  form  beyond  the  extremity  of  the  tuyeres. 

i...  >.  cupolas  are  surmounted  by  chimneys  from  thirty-five  to  fifty 

feet  in  height,  by  which  the  smoke  and  xapours  are  carried  high 

"'    'he  atmosphere.     The  matta  and  slugs  How  conatantly  out  of 

rnace,  and  are  received  in  one  of  the  external  basins  prepared 

,iur  mat  purpose.     When  one  of  these  has  bt^come  full,  the  aper* 

!  by  which  it  communicatea  with  the  furnace  is  closed,  whilst 

connected  with  the  other  is  opened ;  80  that  tlie  liquid  matters 

'ng  from  the  furnace  are  alternately  conducted  into  each  of 

'  h.isins.     At  Mansfeld  the  fused  scoria*  are  nsuixWy  \s\o\ 

"  fonij  of  hrge  bricks,  and  aro  extensively  etnip\ovf»*' 

fctjoa  of  hoiwes  ia  the  dcinity  of  the  works. 
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iresent  in  the  fused  eulphuretB.  This  fusion  gives  rise  to  the  for* 
ition  of  three  diatinct  products — vi/,.,  black  copper,  a  reguline 
DLatt,  and  daga  of  various  degrees  of  riekuess.  The  hlaek  copper 
A  removed  from  the  exterior  bauiii  in  the  form  of  discs,  obtained 
jy  throwing  water  on  the  liquid  xnetol  and  the  subsequent  removal 
\y  an  iroa  bar  of  the  circular  cake  thus  solidified.  The  bkck 
DoppeF  obtained  cootains  about  95  per  cent,  of  copper,  from  3  to 
4  per  cent,  of  iron,  and  1  per  cent,  of  sulphur^  together  with  small 
K|uantitie8  of  antimony  and  silver. 

The  matt  is  extremely  rich  in  copper,  and  is  added  to  the  richest 

f  the  second  niatts  obtained  from  a  former  operation. 

It  rtotnetimeti  happens  that  the^e  ores  contain  a  sufEcient  amount 

f*  '■  to  render  its  extraction  a  matter  of  importance;  and  in 

L  '•  the  separation  may  be  made  either  from  the  last  matt 

k^r  it  haa  been  roasted,  or  firom  the  black  copper  before  it  has 

teen  subjected  to  the  process  of  rctining. 

The  silver  ia  obtained  from  the  black  copper  by  a  process  called 
^iquatiQn,  and  from  the  roasted  matts  by  an  timalyamation  with 
mercurj'.  The  efficiency  of  the  process  of  liquation  depends  on  the 
oMoyrmg  principles ; — If  lead  and  copper  be  fused  together,  the 
mo  metals  will  be  found  to  unite  and  torm  an  alloy  ;  and  if  this 
poixtiire  be  suddenly  or  rapidly  cooled  iifter  being  run  out  of 
Jie  fitmace,  they  remain  in  a  state  of  intimate  admixture.  If, 
lowever,  on  the  contrary,  the  aOoy  be  slowly  heated  to  near  its 
K>int  of  fusion,  or  be  allowed  to  cool  very  gradually  after  being  in 
b  liquid  state,  the  two  metala  are  found  to  separate,  and  the  lead 
irill  contain  nearlv  the  whole  of  the  silver  which  originally  existed 
'  M nation  Mith  the  copjKT,  whilst  the  hitter  mettd  retains  in 

ition  only  a  small  portion  of  the  lead  added*     The  silver 
s  be  separated  from  the  lead  by  cupellation,  and  the  copper 
'>m  the  adhering  lead  by  an  operation  called  refining. 
I^ractice,  three  parts  of  black  copper  and  from  ten  to  twelve 
of  lead,  already  containing  a  certain  portion  of  silver— if  such 
prw^ured — ^are  fused  together  in  a  cupola  furnace:  instead 
.Ilic  lead^  litharge  rich  in  silver  is  sometimes  employed.   The» 
alloy,  on  flowing  from  the  furnace,  ia  received  m  cast  iron 
.  _  dA,  wliere  it  is  rapidly  cooled  by  the  help  of  water,  and  from 
ffThii  !t  it  is  removed  in  the  fonn  of  largo  circukr  cakes.     Theee 
rs  lire  subsequently  heated  on  a  Hquation  hearth,  in  order  to 
itrai-t  the  argentiferous  lead  in  the  liquid  form,  whilst  the  aaso- 
,,»t.^i  .  .u.iii.p  remains  unmelted  and  forms  a  porous  mass,  retaining 
\  ho  sanu^  form  as  the  original  cjikes  of  alloy. 
1  h,  tigs.  152  and  153,  consists  of  two  sHgntly  inclined 
t  iron,  so  placed  as  to  leave  between t\iemit«msi3\«^ft«fc^ 
J  beiiL'ULiJ  which  is  A  hollow  chaimel,  c,  left  in  the  rnnAa  oi  toAAioicxf^'* 
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obtained  froift  then 
which  thest*  metd  I 
oxyf^eii  of  the  air. 
of  which  the  funiac 
tioit  is  3 J  bourw,  aii 
IJ  tons. 

The  products  ob^ 
slag,  a  matt  coutaiil 
lus,  and  an  impure 

IX.— The  fore^^.| 
complicated  in  theii 
mediate  products,  I J 
compounds — viz., 
fusion ;  the  reguUiiJ 
or  the  remeltiiig  of 
VIL  and  VIII. ;  a^ 
during  the  saine  op 

All  these  dill,  rr 
the  aim  of  which  m 
acid,  the  sulphur  wl 
of  concentrating  tti 
such  as  iron,  cobalt 
to  he  elindnated  e 
ttlone,  or  by  the  con 
siliceouH  tnatters  pi 
attained  through  t| 
reactions  %Yhich  are 

The  first  of  these] 
produced  by  the  di 
stance,   maintained 
fusion,  by  which  nu 
drop  on  the  bottom 
the  oxide  of  copper, 
on  the  sulphurcts  wl 
process  of  rcjasting.  \ 
same  time  much  enn 
•operation are  crude  <'i 
and  these  are  reeenr- 
Bubaequent  fusion  IVi 
in  a  reverberatory  fui 
door  before  dcscribr 
introduced.    The  lujil 
rable  dimensions,  nn 
lit  i^me  times  made  ui 
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whence  the  heated  air  diffuses  itself  in  the  body  of  the 
and  theu  passes  olf  by  the  chimney.     The  copper  to  be 
piled  on  the  sole,  whfch  in  comi)Osed  of  a  mixture  of  cl 
and  clay  firaily  coosolidated  wilb  a  ritnmier.     The  black 
chiirgcJ  through   a  door,  which   is  closed  iroiuediatelv 
introduction ;  and  as  soon  as  the  metaJ  ia  melted,  a  current  of 
ifl  made  to  play  constantly  on  its  surfiu^e  from  two  tuycrr», 
nozzles  of  which  are  furnished  with  butterflies,  or  loose 
valves,  for  the  purpose  of  spreading  the  effect  of  th**  blast 
over  the  whole  surface  of  the  metjiIUc  bnth.     A^ 
these  oxidisiog  inHuencea,  the  sulphur,  iron,  n 
acted  on,  and  g^vc  rise  to  the  formation  of  slaga,  which  hSf 
through  the  door.     At  the  expiration  of  a  certain  time  tht  ooj 
becomes  free  from  all  the  other  metals  with  which  it  waa  i 
and  its  surface  is  covered  with  a  slag  of  a  red  colour, 
rich  in  protoxide  of  copper.     As  the  process  advaneefl,  the  »< 
man  extracts  samples  oi  copper  at  frenucnt  intenals  by  intTr>ilt 
into  the  funiaee  ao  iron  bar,  around  the  end  of  which  a 
metallit'  thimble  is  quickly  formed,  and  this,  on  being 
afl'ords  the  means  o4"  aseertaiuiiig  the  precise  point  at 
operation  should  be  terminated.     AMien  the  metal  haa 
cieutly  refined,  the  charge  is  at  once  run  out  into  two 
basins,  where  a  little  water  is  thrown  on  its  surface,  in 
determine  the  soHditication  of  a  supcrGcial  crust :  this  is 
by  a  hooked  bar  of  iron  in  tht^  form  of  a  thin  circular  plftt^. 
w*at4?r  is  now  thrown  on  the  fused  mass,  and  other  discs  are  i 
sively  obtained,  until  the  whole  of  the  charge  has  been 
Irom   the  extenml   rescnoirs.      These   plates,  which  are 
rogettes^  are  of  a  tine  red  colour,  and  covered  on  the  sitrfiicel 
nuBicrous  blisters  similar  to  those  observed  on  ordinarr 
steel :  thev  alao  retain  a  small  proportion  of  the  red  oxicfe,  by 
their  ductdity  aud  malleability  are  considerably  impaired. 

This  purification  of  the  black  copper  is  sometimes  accom| 
previous  to  the  addition  of  the  lead  necessary  for  the  pi 
liquation  *  but,  in  other  cases,  the  operation  ia  not 
same  extent,  and  the  partially  refined  metal  ia  finely  ^raw 
by  being  run  out  of  the  furnace  into  a  large  cistern  of  watfr. 
These  granules  are  subsequently  melted  in  a  cupola,  nithj" 
addition  of  either  litharge  or  metallic  lead,  by  which  a  more 
geneoua  alloy  is  obtained  than  by  the  direct  fusion  of  th« 
copper  with  blue  lead.     This  mixture  is  moulded  into  discs  intM 
usual  way,  and  after  the  process  of  liquation  and  sweat 
remaining  cupreous  matters  are  refined,  and  toughened  ill  a] 
bbst  hearth,  called  in  German  Ku^fergahrhterd, 
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JSriien  the  black  copper  does  not  contain  a  sufficient  amount  of 

to  pttj  for  its  extraction^  it  is  not  subjected  to  the  process 

[uation,  but  is  at  once  refined  in  the  small  (Jenuiin  hearth. 

;,  156  represents  a  perspective  view ;  aod  fig.  157  n  yertical 

of  this  arrangement,  wliieh  conaiata  of  a  hemispheric  basin 

mt  16  inches  in  diameter,  interiorly  lined  mth  a  coraposi- 


E 


formed  of  two  parts  of  pounded  ckircoftl,  and  one  part  of  fire- 

,     Thia  is  Burroimded  by  a  low  iron  curb  f,  which  18  intended 

»p  the  fuel  from  bting  acattered,  and  is  furniiilied  ^dth  a 

iron  door  d.     W\\en  the  crucible  has  been  fresh  lined,  it  ia 

jsary  before  proceedinnj  witli  another  operation  to  dry  it  bv 

introduction  of  a  few  shovels  full  of  ignited  charcoal,  wbicn 

allowed  to  remain  until  the  hearth  is  completely  dried.     As 

thiB  is  the  case,  the  cavity  is  tilled  up  with  fresh  charcoal, 

tientti   of  black  copper  are  arranged  opjiosite  the  tuyere  /, 

he  blaat  is  gradually  admitted.     When  the  first  charge  of 

ide  metal  has  beea  thus  melted  a  further  quantity  is  added, 

being  taken  at  the  same  time  to  nupply  the  hearth  wnth  a 

-  amount  of  fuel.     Tlie  scoriie  formed  during  the  progress 

.peratiou  escape  through  a  tap-hole,  which  communicates 

iwitLi  uie  cavity  in  wtiich  the  refining  is  effected,  a  little  below 

level  of  the  top  of  the  mass  of  niaBonry  m. 

first  slags  obtained  are  of  a  greenish  colour,  and  contain 

quantity  of  oxide  of  iron ;  during  the  fusion,  sulpbaroua 

d  Bometmies  white  antimonial  vapours,  are  evolved* 

tf  next  shigs  are  of  a  deep  red  colour,  and  are  extremely  rich 

of  copper.     When  the  whole  of  the   black  copper 

;i  charier  has  been  fused  in  successive  small  quantities, 

work  I  Mil  1;ii,i  -   hamplcB  from  time  to  time  by  means  of  an 

rod,   HUi\,  from  the  appearance  of  these,  he  is  enabled  to 

of  the  working  of  the  furnace,  and  the  state  of  tW  YcveV^iv 

Aa  BOOB  an  the  process  is  found  to  ^le  ^\iS£Lc!v<iVi>\^ 
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advanced,  the  blast  is  suddenly  stopped,  and  a  pailful 
thrown  on  the  Biuface  of  tho  metal,  which  is  inunedii 
wards  freed  from  the  fragments  of  charco&l  by  which  it  'ii^ 
rounded. 

The  acorisB  are  then  carefuUy  raked  otf  firom  the  frurfnci! 
bath,  on  which  a  little  water  is  again  thrown  to  8*:>lidify  the 
surface,  which  is  at  once  ^\ith drawn  in  the  form  of  a  circular' 
Wlien  the  first  disc  has  been  removed,  more  w*ater  is  thn>v 
the  surface  of  the  tiietah  *^tid  a  stH^ond  fihn  is  coagulated  and 
off.  These  operations  ape  repeated  after  the  removal  of  the 
plate,  and  continued  until  the  whole  of  the  metal  has  bi»t?n 
pletely  removed  from  the  caWty  of  the  furnace,  Tlie  |>t 
refining  commonly  occupies  about  two  hours,  and  afibnU  7a 
of  rosette  copper  from  100  parts  of  black  copper  <iri( 
operated  on. 

The  njscttes  obtained  by  these  methods  of  refining  are  far' 
exhibiting  that  malleability  and  ductility  which   we   obi 
ordinary  commercial  sheet  copper;  and,  in  order  to  coi 
to  it  these  prt>i>erties,  it  is  neceaaarv  that  it  ahould 
to  a  final  and  very  delicate  operation,  which  caii  only  be  si 
fully   conducted  by  workmen  of  conaiderable  experl' 
toughening  is  not  on  the  Continent  efteeted  in  the  e> 
where  the  rosette  copper  itself  is  produced,  but  is  muii 
performed  in  the  workshop  of  the  copper-smith,  by  wboi 
softened  metal  is  converted  into  the  variouB  uteusila  for  wl 
is  employed. 

For  this  purj^oae  the  rosettes  are  again  melted  in  a  lit 
nace,  similar  to  that  above  represented;  and  aa  aoon  as  the' 
are  fuaed,  and  have  fallen  into  the  amall  concave  bafiin«  the  si 
of  the  bath  is  sparingly  covered  with  small  pieces  of  charci 
which,  after  a  certain  time,  tlw  oxide  is  entirely  reducc<ijj 
metal  attains  its  state  of  greatest  malleability.     If,  hoi 
exact  moment  for  stopping  the  operation  is  not  seized — i,  r 
all  oxide  has  been  completely  reduced,  it  again  gmdually  U 
ductiUty,  from  entering  into  combiiiatit)n  with  a  portion 
carb(ju  "by  the  aid  of  which  the  oxide  was  at  lirat  reduced. 

When  this  occurs,  which  is  easily  ascertained  by  the  relim 
constantly  takes  sample**  bv  the  aid  of  an  iron  rod*  be  renioti 
fuel  from  the  metal,  and  allows  the  blaat  from  tbe  tuyere 


during  a  few  minutes  db*ectlv  on  tV' 
OT)eration6  are  repeated  untif  the 
utile  metal  ia  either  run  otf  into  'r^' 
ilimvbe  i^equired  to  assume*  I 
to  hit  as  soon  as  possible  iUv 


>.inT!Uy>    ill    i\\t'  lij^it)^. 


•0. 


iMMiiL   a  I 


mid  tenuinak!,  *u\w,  It  \,\ie%tt  tva^\.u;>ua  be 


y* 
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for  telescope  imrrorB  consists  of  67  paits  of  ocmper 
whilat  that  emplojed  for  medida  i&  composed  or  95 
mid  5  of  tin,  to  which  n  trncG  of  zinc  is  oocasionaUj 
purpoae  of  improving  the  tint, 
_  of  copper  and  tin,  although  ejtensivelr  important  in 
day,  were  eTidently  much  more  so  before  the  use  of  iron 
W  known^  as  prior  to  that  period  they  were  almost 
employed  in  the  manufacture  of  cutting  instruments ; 
a  mixture  of  90  parta  of  copper  to  10  of  tin  was 
used,  although  a  little  lead  wsa  occasionally  added 
a  view  of  imparting  to  the  alloy  a  certain  degree 

^paration  aad  fusion  of  these  different  mixtures  is,  ao- 
the  quantities  required,  conducted  either  in  a  reyer- 
?,  or  in  crucibles  heated  by  a  strong  coke  fire. 
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paration  of  brass  loay  be  yarioualy  conducted.     In  BOme  locftUtiff 
the  copper  and  ?:iDc  are  directly  melted  together,  as  at  tbe 


factor}^  of  Hegermiihl,  on  the  Fiaon  Canal  near  Pot*^'^'-  "M» 
4Ilb8.  of  old  brass,  and  531b8.  of  refined  copper  gr.-  ^J 

241b8.  of  zinc  are  operated  on  at  one  time.     The  mi  b 

weighs  120lb3.,  is  divided  into  four  crucibles,  and  » 

wind  turnaee  with  pit  coal  fuel.     The  loss  experienct  ■  n* 

fusion  of  a  charge  of  this  kind  varies  from  two  and  a  ir 

pounds.  Instead  of  operating  in  tliiu  way,  slips  of  cup{*t  r  aw 
aometimea  plunged  into  melted,  zinc  until  a  somewhat  ml'trnWe 
aUoy  is  obtained^  when  the  heat  ia  nuBod,  and  the  remamdad 
the  copper  added. 

The  bra*H8  thug  obtained  ia  broken  into  small  pieces,  and  ttU 
melted  with  a  fresh  quantity  of  zinc  to  obtain  the  finisher}  awr. 
When  the  mixed  metal  is  intended  to  be  rolled  into 
first  ca^t  into  thin  plates  by  pouring  it  in  a  mould, 
which  are  made  of  two  tlat  slabs  of  granite,  mounted  in  an  tna 
frame,  and  kept  at  the   requisite  distance  from   each  othrr  U 
parallel  bars  of  the  same  metal.    After  having  once  or  twit- 
through  the  rolling-mill  the  plates  become  too  hard  t^i  li 
with  lacility,  and  are  annealed  by  being  heated  to  r^irir^v  :aA 
allowed  to  cool  slowly  before  they  are  again  passed  bt-iwt^n 
roUera.     This  process  is  repeated  as  often  as  the  sheeU 
too  hard  to  be  conveniently   wrought,   and  when   euaaic 
reduced  in  thickness,  two  or  three,  or  even  six  or  seven  ^hg$^ 
are  passed  together  between  the  rollers.     When  only  Btitall  i|[iifli* 
tities  of  braps  are  required,  it  is  made  by  melting  in  &n  MrtlMB 
or  black-lead  crucible  a  mixture  of  copper  aud  old  brasa,  to 
immediately  before  the  alloy  is  to  be  poured  into  the  mouid 
pared  for  its  reception,  is  added  a  proper  amount  of  sine 
reason  for  adding  the  zinc  at  so  late  a  period  of  tho  oj 
to  prevent  its  bemg  again  driven  of  by  the  great  heat  to  w\ 
is  exposed. 

Pieces  of  copper  are  sometimes  externally  converted  iri* 
by  exposure  when  at  a  red  heat  to  the  vapour  of  zinc :  in  i 
are  prepared  the  copper  bars  from  which  the  eo-oalled  goki 
of  Lyons  is  manufai'tured. 

Copper  is  also  extensively  alloyed  with  tin,  in  eombinattflll 
which  it  yields  many  valuable  compounds,  variously 
acoordaiice  with  their  respective  compositions  and  use«. 

Gun-metai  of  which  cannons  ore  made  consists  of.  • 
tin  9. 

Bell-metal  is  composed  of,  copper  78 ;  tin  22. 

The  alloy  oV  w\i\t:\i  ^o^i®^  ^^'i  cxmbul*  am  nutDiifactuitd  Lm 
UBually  the*  foWowm^  comT^wX^<ati\— V^<j^S^t  ^  ^  ^oa.'SS^. 


,^nT 
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r.-uioTv  trr  -oiiper 'imL  noL  lilihuuipt  .>xE0iibiv«jt)r  :iiit|H)tittiM  ilk 

a  inznoae  k  imxure^  <  ti  !IU  ;jiic«»>  ji  >j(>^r  :o  lU  oi  Tiu  ^ww^ 
tnmnoiUT-  laecu  Jtfifainucit  :a  attie  'ead  ^«iw^  ^xMOiMidly  :iaiM 
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COBALT. 

Equiv.  =  29-52.     Density  =  8-53. 

Cobalt  is  a  raetal  of  a  steel-i^ey  colour,  and  is  suaceptf 
receiving  a  higli  polish ;  biit»  troin  the  difficulty  experienced  t 
preparaticm,  and  ita  peeuliiLr  propertiee,  it  is  never  emplo\« 
the   metallic  atiite.     Puro  metallic  cobalt  may  be  obtAiiic*!  b| 
reduction  of  its  oxidci*  by  the  aid  of  heat  and  hydrogt  i 
metal  tbuts  procured  ia,  from  its  finely  divided  statr 
phone.    To  obtain  this  metal  in  u  more  compact  and  iej<- 
lonn,  the  oxide  nuiy  be  strongly  heated  in  n  porcelain  tub' 
through  the  cavity  of  a  large  assay  funiace.     The  reductuju  wiiiJ 
in  this  case  also  be  effected  by  a  current  of  hydrogen  i::»* 
from  the  elevated  teaiperatiire  at  which  the  «.«peration  is  • 
a  sort   of  agi][regatinri  of  the  particlea  is  obtained,  and  ! 
tendeney  to  rapid  oxidation  is  prevented.     The  oxides  ' 
like  those  of  iron,  are  readily  reduced  by  the  action  of  ' 
tm  elevated  tenipeniturej  and  give  rise  to  the  produr 
carburet  of  cobalt  corresponding  to  the  well-known  eu^; 
Ibe  former  nietab     Cobalt  is  less  rt*ailily  than  iron  acted  on  tif  1' 
inoiat  atmosphere,  hut  by  continued  exposure  becomes  covered  llf 
an  oxido  of  a  dark-brown  colour. 

ORES  OF  COBALT. 

The  orea  of  cobalt  are  readily  distinguished  from  cither  TDimfldf 
by  their  property  of  affording  a  line  blue  colour  when  fused  will 
borax  belore  the  blowpipe.  The  principid  ores  of  thifi  metal  ^^ 
the  following : — 

■luaitine  occurs  in  octahedrons,  cubes,  and  dodecahcdronji> 
or  hm  modified.  Colour,  tin-white,  inclining  t-o  steel-grev  :  etruo 
ture,  gnxnular  and  uneven  ;  density,  G4  to  7'2.  Thia  ore  e«&^B' 
fially  consists  of  cobalt  and  arseuicj  although  their  n*h»tive  prtypor 
tione  ai*e  8uf.>jwt  to  considi>rable  variation.  It  is  found  m 
associated  li^itli  silver  and  copper ;  occiu's  in  Comw  all,  Boheanili 
Hessia.  and  nn^re  abundantly  at  Schneeberg  in  Saxony. 

Black  0?tiac  of  Coi)ftU  1$  an  earthy  mineral  of  a  blue-black  ooloor 
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IfX^cttTB,  more  or  less  niiied  witli  black  oiiile  of  tnangBDese,  in 
localities,  particularly  in  Cornwall,  Gf^niianv,  and  Austria.  It 
►  fouD<l  in  consideraljle  iibumlunctf  in  the  ^linsouri  diatricta, 
d  8lat€8  of  Amtrioa.  Tlif  ort'  Iruia  thia  loi-ality  analvsed  by 
Silliraan,  aflbriled  40  per  cent,  of  osJde  of  t-obalt  aesociated 
she  oxides  of  nickel,  mangaiicae,  iron,  and  copper, 
«nl»te  of  Coiiait  presents  itseli'iii  thin  ohhijue  crystals,  having 
^tly -defined  cleavage  and  foliaeeaus  structure,  it  also  occurs 
j  incrustation  on  other  mineraJt*,  and  in  compact  renitbrm 
IB.  Its  colour  Is  a  pirdvisli  piirple,  reseinbling  that  of  the 
^bloasona ;  when  Bcratched,  it  nf^brda  n  greenish  streak.  This 
mI  in  genendly  adsotiated  with  lead  and  silver,  or  with  other 
cobalt^  and  is  abundantly  found  at  Schneeherg  in  Saxony, 
d  in  Thuringia,  and  Riegelsdorf  in  lless<ia.  It  is  id^o  found 
landj  in  the  counties  of  Cornwall  and  Cumberknd,  but  does 
ur  in  thia  country  in  sufficient  abundance  to  render  iUs 
on  a  matter  of  commerciaJ  importance.  Its  composition, 
Jig  to  Dana,  ia  39*2  of  oxide  of  cobalt,  379  of  arsenic  acid, 
fi'9  of  water.  Wien  heated,  it  gives  ofl' arsenical  fiunes,  and 
prith  borax,  aiiords  a  brad  of  a  tine  blue  colour. 
9  various  preparations  of  cobalt  art^cliieliy  used  for  painting  on 
ly,  and  are  for  this  j)urpo*ie  largely  imported  from  Crermany, 
I  in  the  state  of  oxide  or  in  the  fomi  of  a  sihcate  known  as 
for  azure  blue. 

ttmatiaiit  <if  Colinlt.^ — Tliiw  metal  is  commonly  estimated  in 
letallie  state,  and  for  this  pnrTWse  the  oxide  obtained  by  pre- 
ifcion  with  caustic  potsish  in  reduced  by  a  current  of  hyctrogen 
pssed  over  it,  when  lieated  to  redness,  m  a  tube  of  hard 
MUX  glass. 

haM  is  separated  from  the  alkaliea  and  alkalme  earths  by  snl- 
i  of  amnionium,  w'hich  precipitates  it  as  sulphuret.  \V'hen 
ie»ia  is  present  in  the  conijiound  examined,  its  precipitation 
be  prevented  by  the  addition  of  chloride  of  ammonium  to  the 
(on,  prcniouH  to  thL-  introduction  of  t!ie  alkaline  eulphuret. 
to  of  cobalt  is  readily  separated  from  alumina  by  excess  of 
jic  potash,  which  dissolves  the  hitter,  and  leaves  tlie  oxide  of 
H  tinidfect^. 

re  separation  of  cobalt  from  iron  is  obtained  in  various  w^ays, 
UXiong  the  most  simple  of  these  is  the  following :— The  iron  is 

rixidiaed  by  the  addition  of  nitric  acid,  and  after  having 
sulhcieni  amount  of  chloride  of  ammonium  to  keep  the 
in  solution,  the  iron  is  thrown  down  by  an  excess  ot  ani- 
The  cobalt  ii  subsequently  precipitated  from  the  filtrate 
adilition  of  sulphide  of  tinmionium      The  separation  of  c<^\^ 
id  lead  fix)m  ores  of  cobalt  is  easily  obtained  by  svii^\i>i2t^\.Vi^ 
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hydrogen,  whicli  precipitatea  the  two  former  without  afftfcttng  t 
latter. 

The  complete  aeparation  of  cobalt  fi^m  manffimefte  is  mtteoiii 
with  cotiBiderahle  difficulty.  One  of  the  best  methods  of  randuetii 
this  operation  m  the  follo'wing: — Tlie  nii^ed  oxides  are  fir»t  haili 
in  a  current;  of  hydrochloric  acid  gas,  for  the  piiqioso  of  ccmrertq 
them  into  chloritlea  ;  they  are  then  heated  in  tne  anme  tube,  thronj 
which  a  current  of  hydrogen  gaa  i»  now  conducted :  this  redoc 
the  chloride  of  cobalt  to  the  metallic  state,  whilst  the  >  i 
manganese  remains  unaffected,  and,  on  treating  the  im 
warm  water,  is  completely  removed  in  aolutioiL 


81£iXT  OB  AZtJBE  BLUE. 

Tills  substance,  which  is  extensively  employed  as  a  pi 
producintr  a  blue  colour  on  various  kinds  of  pottery,  fl^ 
paper-stainers    and   house- painters,   is   chiefly  manufi 
Saxony  and  Bohemia,  where  the  greater  portion  is  produr 
treatment  of  the   naturdl  arseniosulphurct   of  coDalt.      The  <* 
destined  for  the  manufacture  of  smalt  is  first  roasted  in  a  rev< 
ratoiy  ftiroace,  having   in  communication  with  ita   flue  m 
chamber  for  the  purpose  of  condensing  the  arsenical  funf^■- 
are  evolved-     After  having  been  suitAbly  roasted  in  thi 
the  ore  is  mixed  with  pure  siliceous  san^  and  carboDate  ^ 
in  the  proportion  of  50  parts  of  silicic  acid,  20  to  22  of. 
from  25  to  30  parts  of  the  prepared  mineral.     The  fusion  i»  n 
conducted  in  large  earthen  pots,  arranged  in  a  fumaoe  simllv 
thoae  employed  in  the  preparation  of  ordinary  glasa,     TImj 
of  the  mixture  first  commences  at  the  surface,  where  it 
pasty  and  cnvemous  from  the  gases  evolved  during  the  p 
At  the  expiration  of  five  hours  from  the  charging  of  the  lui 
the  contents  of  the  pots  receive  a  first  stirring  willi  »  long  iron  mm 
and  this  is  repeated  once  every  hour  until  the  glo,'^s  hrm  Vvi-nni 
perfectly  fused  and  adheres  firmly  to  the  stirrer  Wii 
pearanc^  of  air  bubbles.   The  coutenta  of  each  pot  nr 
be  arranged  in  three  distinct  strata.     The  '■' 
blue  glass,  which  is  at  once  removed  ;  the  m 
blue;  and  the  third,  which  nccnmulntc^  at  the  1 
a  fiiaible  matt,  generally  containing  nickel,  and  i 
of  Speif4.     After  the  reuujvjd  of  the  light  blue 
laded  out  from  the  pots  witli  a  large  iron  Jadlt* 
reservoir,  through  which  a  current  of  water  in  ^ 
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*..ir.Jtl^^iii  T^-jtji  a  littk*  sTTiftlt,  is  removed  by  the  Imlle;  the  fonner 
completely  liijuid,  readily  separates  from  the  more  viseouB 
Nvhich  adheres  to  the  ladle,  whilst  the  metallic  matt  is  run 
:  I  at  iron  moulds.  These,  dui-iug  the  time  they  remain  hot, 
tf  dense  nrsemeal  vapours,  and  are,  therefore,  so  plained  in 
-  ill  the  furnace  aa  to  be  in  direct  communication  with  the 
<j  1 .? ; .  L;hi  of  the  climiuev. 

i  lie  deeply-eoloured  hlue  glass,  after  being  removed  from  the 

klo  which  it  has  been  throwTi,  is  first  pounded  under  a  Htamp- 

:iil,  and  theu  p^round  with  water  to  the  state  of  an  impalpable 

pulp  betwetm  large  granite  mill-Btonea.    The  blue  pulp  thua  obtained 

w  afterwards  HUHpeuded  iii  water  for  thu  purpose  of  aepanitiuf^  the 

1  r  frajG^iientfi,  which  are  the  iirgt  depoaited,  and  again  made  to 

\  lipough  the  granite  mills.     AJXcv  liaviug  beeu  allowed  to 

•toiid  a  certain  time,  the  supernatant  liquor  is  dra^sii  off  into  a 

•eries  of  reservoirs,  in  which  the  powder  gradually  deposited  is 

ciftftsified  in  accordance  with  ii9  order  of  dejiotjition.     The  ditlerent 

jproductd  thus  obtained  var>'  in  colour  mth  the  greater  or  leas  line- 

ne%R  of  the  particles  of  which  they  are  compoi^ed. 

Cobalt  Bine,  or  Thcitard^N  Blue,  is  prepared  by  preeipitating  a 

tolution  of  sulphate  or  nitrate  of  cobalt  by  phosphate  of  potash, 

v'"i  vlding  to  the  resulting  gelatinous  deposit  from  three  to  four 

ita  volume  of  freshly  deposited  alumina,  obtained  by  the 

m  of  carbomite  of  soda  to  a  Bolution  of  conunou  alum.     This 

I »'»  after  being  w  ell  dried  and  calcined  in  a  crucible,  affords, 

^  ntn  proi)eriy  ground,  a  beautiftd  blue  pigment. 
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Biu*^etiB  on  exposure  to  the  oxidismg  flame.  Copper  nickel 
■rally  found  associated  with  the  ores  of  copper,  stiver,  and 
I  and  i«  principally  obtained  from  the  mines  of  Saxony : 
hiantitiee  have,  however,  been  roiaed  in  this  country,  and 
BAriy  at  PeDgelley  mine,  in  Cornwall, 
■bg  the  other  ores  belonging  to  thia  claaa,  although,  &om 
BarcLt^%  of  much  lem  commercial  importance  than  the  above, 
%e  mentioned  the  foUowing:  Nickel  glance^  an  arsenical 
Kjcurring  both  maasive  and  in  cubical  crystals.  This  mineral, 
b  la  of  a  ateel-grey  colour,  is  found  in  Sweden,  the  Hartz,  and 
*)i|ndmiTig  in  Austria.  It  cM>ntaiug  38  per  cont.  of  nickel, 
lu8  a  specific  granty  of  about  67,  White  nickel^  another 
Ileal  ore,  found  at  Reichelsdorf  in  Hesse  Cassel,  and  Schnee- 
l  Saxony ;  it  contains  from  20  to  30  per  cent,  of  nickel. 
Hihme,  an  antimonial  sulphuret  of  nickel,  containing 
\  to  29  per  cent,  of  the  latter  metal.     Antitnonial  nickel^ 

K*  Eig  29  per  cent,  of  nickel,  and  no  sulphur.  It  is  a  pale 
lolrnu-ed  mineral  from  the  Andreasberg  mountains. 
tl  pyritea  is  a  brass-yellow  sulphuret  of  nickel,  occurring 
nbohedral  crystals,  and  in  delicate  cajiillury  forms.  This 
ich  is  found  in  small  quantities  in  Bohemia,  Saxony,  and 
all,  contains  64  per  cent,  of  nickel,  and  has  a  deusity  of  5'3. 
ferous  pyrites,  a  double  sulphuret  of  iron  and  nickel,  of  a 
yellow  colour,  containing  from  3  to  22  per  cent,  of  that 
in  obtained  from  southern  Norway.  A  similar  compound, 
from  10  to  12  per  cent,  of  nickel,  has  recently  beet 
in  the  neighbourh(X»d  of  Inverarj',  in  Scotland^  and  is 
by  Mr.  King  n^  occurring  in  the  La  Motte  mine,  in  the 
f  America.  Another  sulphuret  of  nickel,  containing  bis- 
been  foimd  in  some  of  the  Prussian  rabies,  which  have 
pduced  specimens  of  araeniate  of  nickel  of  a  beautiful  apple- 
iolour. 

B  •xtiie  of  Xlekel  usually  occurs  as  an  incrustation  on  other 
ii.  It  in  nearly  transparent,  of  a  bright  emerald-green 
and  has  a  vitreous  lustre.  Another  oxide  of  nickel,  of  a 
or  nearly  black  colour,  and  containing  variable  auantitied 
iiplmr,  u  found  in  coimection  with  the  ores  of  cobalt,  at  the 
of  La  Motte,  in  the  Missouri  district. 

llmatlon  ofl^ltke],  and  lt»  Keparailon  ttom  Colialt. — Nickel, 
alt,  is  weighed  in  the  niettdiic  state,  for  whicii  purpose  its 
ipitated  by  caustic  potash,  is  reduced  by  being  heated 
in  a  hard  glas*?  tube,  through   which  a  cuxTeut  of 
in  gas  is  made  to  pass.    The  separation  of  nickel  from 
etala  ia  effected  by  the  same  processes  aa  are  employed  lor 
tiou  of  cobalt,  and  it  mil  therefore  be  inete\y  Ti«iG«uM|fl 
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«  method  first  proposed  hj  Wohler.  Tho 
roaisted,  first  done,  and  aiienviirds  H-ith  the 
charcoal^  to  effect  the  separntion  of  ita 
obtamed  by  tbis  process  is  now  mixed  with 
lur  and  one  part  ot  earbotuxte  of  potAt)h,  and 
a  hr^e  earthen  cnieible.  This  product  is  now 
th  wann  water,  bv  which  the  arsenic  and  sulphur 
potassium  are  ai^^olred,  while  the  nickel,  in  the 
remains  at  the  bottom  of  the  Teasel  in  which 
been  conducted.  When,  as  sometimea  happens, 
lent  of  too  high  a  temperature  at  the  commenoe- 
j,  the  whole  of  its  arsenic  has  not  been  ex- 
don  must  be  repeated  on  the  residual  sulphuret 
As  soon  as  they  have  !>een  entirely  freed  from 
)huret8  are  well  washed  with  warm  water,  and  then 
ilphune  acid,  to  which  a  small  quantity  of  nitric 
1  addf?d :  the  precipitation  of  the  lead,  copper,  and 
u'h  may  be  present,  is  determined  by  a  current  of  sul- 
'drogen  i^as,  and  the  metals  which  still  remain  in  solu- 
trwards  precipitated  bv  an  alkaline  carbonate.  This 
ifter  bein^  well  washetl,  is  now  treated  with  nn  cacess 
1,  which  forms  a  soluble  oxalate  of  iron,  and  leaves 
Dsoluble  oxalate  of  the  oxides  of  cobalt  and  nickeL 
is  then  dissolved  in  ammonia,  and  treated  as  atrea^ly 
The  oxalate  of  nickel  deposited  from  this  solution  is, 
sareftilly  washed  to  remove  any  traces  of  the  ammo* 
,  ignited  in  a  close  crucible,  baring  an  aperture  in 
ic  escape  of  the  evolved  gases. 

BTstooa  that  great  improvements  in  this  proceia  haTe 
n  made,  but  as  the  manipulations  employed  are  kept 
the  manufactiu^rs,  it  would  be  difficult  to  ascertain 
itineof  their  operations.  It  iS|  however,  extremely 
it  something  like  the  following  process  is  that  now 
The  roasted  ore,  or  speiss,  after  being  dissolved  either 
or  hydrochloric  acid,  to  which  either  nitric  acid  or 
•da  has  been  added,  to  peroxidise  the  mfltals,  is  placed 
selSy  m  which  the  insoluble  matttffi  we  albmed  to 
le  clear  liquor,  after  it  has  coolM,  and  tlu?  cnppCT  and 
oen  precipitated  by  sulphupctterl  hydrogen,  may  be 
,  ana  treated  by  carbonate  of  liiii(\  in  th»  form  of 
Ik,  by  which  the  iron,  and  trTi''<*p»  of  robalt,  will  be 
whilst  the  greater  portion  of  i  '   and  the  whole 

)l,  will  remain  in  solution.      oxide  of  iron 

tated  has  subsided,  and  thi?  iupior  iuia  beew  t 
cobalt  may  he   tlirowu   driven  \>v  19 
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manganese  remain 
warm  water,  is  cot 
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produciiit^  a  blue 
paper- atainers    nn 
Saxony  and  Bohen 
treatment  of  the 
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ratorj^   furnace^  hi 
chatnber  for  the  pu 
are  evolved,     Aftei 
the  ore  ia  mixed  %i 
in  the  proportion  o; 
from  25  to  30  parts 
conducted  in  large f 
those  employed  in  t) 
of  the  mixture  firs! 
pasty  and  cavemoul 
At  the  expiration  ol^ 
the  contents  of  the  \ 
and  this  ia  repeated 
perfectly  fused  and 
pearance  of  air  bubbi 
bo  arranged  in  three 
blue  glass,  whieb  ia  ji 
blue ;  and  the  third, 
a  fusible  matt,  geneni 
of  Speiu.     Al\er  the 
laded  out  from  the  y 
reservoir,  through  mIi 
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raenta,  and  \ts  subaet|'l 
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with  a  method  first  propoiw^d  by  Wtihler.      The 

ias  \f\  roasted,  first  alone,  and  atterwardt*  with  the 

jWfiered   charccial,  to  uficct  the   sopanition  of  its 

lue  obtained  by  this*  process  is  now  mixed  with 

Bulphiir  and  one  part  <>t  earlwnate  of  potash,  and 

a  large  earthen  cnu-ible-      Thja  product  is   now 

[ith  warm  water,  by  ivliii^h   the  araeuic  and  sulphur 

ph  potaseiura  are  dis^solved,  while  the  nieket,  in  the 

luret,  remains  at  the  bottom  of  the  vessel  in  which 

Ihas  been  comlueted*      AVbon,  as  Bometimes  happens, 

loyment  of  too  liif^li  a  temperature  at  the  commence- 

toasting,  the  whole  of  ita  arsenic  has  not  been  ex- 

itiou  nmst  be  repeated  on  the  residual  aulphMret 

As  M>on  ad  they  have  been  entirely  freed  from 

phureta  are  well  wajihed  with  wann  water,  and  then 

mlphiiric  acid,  to  uhieh  a  small  quantity  of  nitrie 

added  :  the  preeipitatioii  of  the  lead,  eopper,  and 

may  be  present,  us  determined  by  a  cnrrent  of  9uU 

Ifogen  gas,  and  the  metab  wliieh  still  remain  in  solu- 

rards  precipitated  bv  an  alkaline  carbonate.     This 

jr  Ix'inff  well  washetf,  is  now  treated  with  an  excess 

which  iorma  a  soluble  oxalate  of  iron,  and  leaves 

loluble  oxalate  of  the  oxides  of  cobalt  and  nickeh 

then  dissolved  in  aniraouia,  and  treated  aa  already 

!'he  oxalate  of  nickel  deposit^?d  from  this  solution  is, 

^fiiUy  washed  to  remove  any  traces  of  the  ammo* 

iteil  in  u  close  crucible,  ha\Tiig  an  aperture  in 

escape  of  the  evolved  fraHes. 

jtood  that  great  iiuprovements  in  this  process  have 

made,  but  n^  the  tuauipulationft  employed  are  kept 

\e  manufacturers,  it  would  bo  difficnlt  to  ascertain 

[ine  of  tlieir  ojjeratioiiH.     It  is,  however,  extremely 

something  like  the  following  process  in  that  now 

le  roasted  ore,  or  speiss,  after  being  diasolvod  either 

hydrochloric  acid,  to  which  either  nitric  aeid  or 

has  been  added,  to  perosidise  the  metals,  is  placed 

IS,  in  whi<'h  the  insoluble  matters  are  allowed  to 

clear  liquor,  after  it  has  cooled,  and  the  copper  and 

precipitated  by  sulphuretted  hydrogen,  may  be 

LQ  ti^ated  by  carbonate  of  lime,  in  the  form  of 

Iby  which  the  iron,  and  traces  of  cobalt,  will  be 

dst  the  gi"eater  portion  of  the  cobidt,  and  the  whole 

remain  in  solution.     After  the  oxide  of  iron 

has  Bubaided,  and  the  liquor  \ia;a  \)ee\i  ue^^^^ 

cobalt   may  he   thrown   down  \yy  aatr 
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to  describe  the  method  of  separating  tlicse  metaLsfrom  « 
One  of  the  most  simple  mL-ims  by  which  this  object  may 
is  the  Ibllowiug  :    To  the  solution  containing  the  two  oxiiJ 
separated,  is  lidded  a  slight  excesa  of  oiiilic  acid,  by  wUi' ... 
are  both  precipitated.     The  deposit  thus  obtained  is  now 
solved  in  ammonia,  ajid  the  solution  placed  ia  an  un<'  '•'^'  ' 
and  thus  left  exposed  to  the  air.     By  this  ineana  th^ 
gnidimlly  dissipated,  and  in  proportion  as  it  is  evolved  uk. 
loses  its  power  of  dissolving  the  oxalate*  which  it  contain*, 
two  salts  are  not,  however,  tHjually  soluble  in  the  vol  :  '       "  ' 
and  a  point  is  therefore  arrived  at  when  the  oxala: 
which  ia  of  the  two  the  leastt  soluble,  begins  to  be  ] 
whilst  the  whole  of  the  oxalate  of  cobalt  is  still  retii  i 
tion.     In  proportion  as  the  oxalate  of  nickel  ia  d 
liquor  gradmdty  aaamnea  a  i-edder  tint,  and  when  it  hi. 
full  red  colour,  the  whole  of  the  nickel  has  been  depo-siitd, 
liquor  containing  the  cobalt  must  be  carefidly  syphoned 
the  precipitate  washed  witti  dititilled  water.     The  oxnl  ^ 

thua  obtained  invariably  cotitaina  a  small  quantity  v\  f 

cobalt,  which  mu&t  be  separated  by  a  second  solution  in  jHuiynun* 
and  exposing  the  liquor  to  bpoutaneous  evaporation  in  a  wana 
part  of  the  hiboratory. 

j\-uother  method  by  which  this  separation  may  be  ef^Vi-tt  il  with 
considemble  accuracy  ia   tlie  followmg:   the  two  ox; 
dissolved  in  hydrochloric  acid,  and  the  liquor  afterwai«-- 
ably  dUuted  with  diatilled  water.     The  liquor  is  now  tJ 
with    chlorine  gas,  and  an   excess  of  precipitated  *--' 
baryta  added.      The   liquor,   which   must  be  cold   ; 
this  addition  is  made,  is  atlerwarda  set  aside  for  abi 
at  the  expiration  of  which  time  t!io  cobalt  will  be  * 
cipitated  in  the  form  of  »esqui.      ' 
in  solution.     The  precipitate,  < 
and  the  excess  of  carbonate  oi   barvl,!,  i:»  culK 
and  after  being  carefully  MMished  is  disjwjlved  in  I 
From  this  hquor  the   baryta  is  separated  i 
the   seaquioxide  of  cobalt   subsequently  pj 
potoflh. 


MEflXLVHOr  OE  JdCIULt. 


The  nickel  of  comment?  i^  chit  I' 
teliferoiJ."*  uvi'Ir.--   Nmt  rVmri  tIk- 
iuet  in  1 

(active  u ...  - .,  V. 

The  prepan\.l\ou  o^  ^utv^  ww^ia^  ^i<«»  *\ 
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^a]3C€  with  a  method  first  proposed  by  Wohler.  The 
wl  spt^igs  is  roasted,  first  alone,  and  ttffenvardi*  with  the 
I  uf  powdered  charcoal,  to  eft'ect  the  sepanition  of  its 
i  llie  reiiidiie  obtaijjed  by  this  process  is  now  mm*d  with 
arts  of  sulphur  and  one  part  ot  carbonate  of  pota^^h,  and 
jsed  in  a  large  earthen  cnicible.  This  product  is  now 
ftted  with  warm  water,  by  which  the  arsenic  and  sulphur 
>ed  with  potassium  are  dis^olvedj  while  the  iiickeJ,  in  the 
'  sulphiiret,  remains  at  the  bottom  of  the  vessel  in  which 
ration  has  been  conducted.  AVhcn,  aa  sometimcB  happens, 
e  employment  of  too  high  a  temperature  at  the  commence- 
■  the  roasting,  the  whole  of  its  arsenic  huii  not  been  ex- 
the  operation  must  be  repeated  on  the  residual  sulphuret 
Mned.  As  goon  as  they  havo  been  entirely  freed  from 
the  sulphiirets  are  well  washed  with  warm  water,  and  then 
id  in  sulplimc  acid,  to  \*hieh  a  small  quantity  of  nitric 
^^j^u  added :  the  precipitation  of  the  lead,  copper,  and 
^Miich  may  be  piT^ent,  is  determined  by  a  current  of  sul* 
[iM.  hydrogen  gaa,  and  the  metak  which  still  it^nain  in flolu- 
e  afterwards  precipitated  by  an  alkaline  carbonate.  This 
!ate,  after  being  well  washecf,  is  now  treated  '^vith  an  exeeaa 
le  acid,  which  fijrms  a  soluble  osalate  of  iron,  and  leayen 
an  insoluble  oxalate  of  the  oxides  of  cobalt  and  nickel 
Bldue  is  then  di»aolved  in  ammonia,  and  treated  as  already 
ed.  The  oxalate  of  nickel  deposited  from  this  solution  is, 
jing  carefully  washed  to  removo  auy  tnicea  of  the  amnio* 
iquor,  ignited  in  a  clo&e  cnicible,  having  an  aperture  in 
for  the  escape  of  the  evolved  goBcs. 

\  understood  that  great  improvements  in  this  process  have 
y  been  made,  but  as  the  Toanipulatioufl  employed  are  kept 
tt  by  tlie  raanufacturePB,  it  would  be  dillicult  to  ascertain 
ct  routine  of  their  operations.  It  is,  however,  extremely 
le  that  something  like  the  following  process  is  that  now 
ed-  The  roaated  ore,  or  speiss,  after  being  disaolved  either 
buric  or  byflrochloric  aci<l,  to  which  either  nitric  acid  or 
of  soda  has  been  added,  tti  peroxidise  the  metals,  is  placed 
le  vesselfj,  in  which  the  infioliible  matters  are  allowed  to 
f.  The  clear  liquor,  aft^^r  it  has  cooled,  and  the  copper  and 
mve  been  preci(utated  by  sulphuretted  hydrogen,  may  be 
id  off.  anrl  treated  by  carbonate  of  lime,  in  the  form  of 
jx  chalk,  by  which  the  iron,  imd  traces  of  cobalt,  will  be 
»ted,  wbilftt  the  greater  portion  of  the  cobalt,  and  the  whole 
liickeb  will  remain  in  solution.  After  the  oxide  of  iron 
recipitated  has  Bubsided,  and  the  liquor  haa  betw  aj^\vvxv 
id  offy  the  cobalt  may  he  thrown  dowu  b^  ft?tt.Mt^t^ 


the  solution  with  clUorine  gas,  by  the  addition  of  hrpoehkwwi 
18,  and  then  adding  carbonate  of  lime  or  carbonate  of  " 
liquor  Byphoned  fit>m  this  solution  contains  the  wholt  i 
nickel,  whicli  may  now  be  precipitated  by  ebullition  with  bi 
of  lime,  and  dried  and  reduced  m  the  iiaual  manner. 

Ai»ptleatton!i  of  \'lck«L — The  nickel  obtained  in  this 
'chiefly  emT)loved  for  the  manufacture  of  Ar^tntane,  or  C< 
^iher,  which   is  an  alloy  of  tliis  metal  with   line  and 
nickel  like^^-ise  forms  one  of  the  constituents  of  the  tuft 
China,  and  the  pacA/onp  of  the  £aet  Indies.     Being  ei( 
,4i&ed  as  an  alloy,  the  nickel  of  commerce  comes  into  the 
the  form  of  finely  divided  grains,  or  grannhitionJi  of  the 
'Wnall  beans.     The  best  German  stiver  consists  of  8  part4  \ 
per,  3  of  nickel,  and  3  J  parts  of  zinc,  but  a  more  commflni 
inferior  variety  is  sometimes  manufactured  firom  8  parts  of  < 
^  of  nickel,  and  4  of  zinc. 
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EquiT*  =  68-82.     Denrnty  =  7^29. 

is  a  wlute  metal,  posseaaed  of  a  lustre  closely  approaching 

of  sDver ;  it  has  a  characteristic  tastCj  and  an  oaoui'  which 

mes  peculiarly  c\idDut  utler  a  bar  of  this  nietul  has  been 

tly  warmed  bv  being  held  tor  some  time  in  the  baud.     It  is 

mely  malleable,  and  may  consequently  be  reduced  into  very 

leaves  by  hammering:  at  the  temperature  of  212*^  Fahr.  this 

'  y  is  considerably  increased. 

metal,  although  flexible,  is  not  very  tcMmcious,  and  when 

emits  a  peculi:ir  crackling  Bound,  called  tlio  "  creaking  "  of 

This  pheuomenoii  ia  produced  by  the  rubbing  together  of 

sar&ces  of  the  minute  metallic  cryatala  of  which  the  ingot  ia 

i*ed»  and  which,  by  their  IHction  against  eacfi  other,  cause  a 

ptible  elevation  of  temperature  when  a  bar  baa  h&ou  repeatedly 

and  again  straightened. 

1  melta  at  a  temperature  of  442'-^  FaJir.  and  when  very  strongly 
Oeated  gives  oft'  distinct  white  fumes,  wbicb,  however,  appetu'  to 
]»0is^g8  an  extremely  feeble  tension,  since  a  mass  of  metal,  when 
oeated  in  a  diuith's  forge,  experiences  but  a  alight  loss  of  weight 
liy  a  prulonged  eiposui*e  to  a  full  red-heat.  Tin  exhibits  a  great 
tendency'  to  crystaibsation,  and  this  property  may  be  readily  made 
Ipparent  by  attacking  its  surface  by  some  acid  capable  of  remo^-ing 
m^  exterior  pellicle.  WTjen  this  has  been  done,  the  surface 
ca  a  mottled  appearance,  caused  by  the  irregular  reflection 
fern-like  cn'stals  brought  to  light  by  the  action  of  the 
A  process  oi  this  kind  ia  sometimes  employed  to  improve 
sppearanco  of  snuft-boxes,  and  other  objects  made  of  tiii-jilate, 
h,  after  being  thus  treated,  and  subsequently  covered  with  a 
ng  of  transparent  and  slightly  coloured  varnish,  present  a 
kgatcii  and  prettUy  marked  suriace, 

ay  also  be  made  to  eryataUise,  by  fusing  a  considerable 

in  3  ladle  or  crucible,  which  ia  aftei'v^ards  allowed  to  cool 

ually  in  a  heated  sand-bath,  and  oa  soon  as  a  solid  pellirle 

ed  on  the  surface  of  tlie  bath,  it  ift  pietccd  Yrv\\\  \Sk  Vc\. 

the  hiternal  portims  which  still  isxiisi  m  i\i»  \k^^  «N«&» 


J 


try. 


of  hyi 

J 


size,  tliotigli  nreijr  pnrifirinin^  ihsrp  usd  vett-defined  edJ| 
be  fotmd  Uning  the  carLtr  from  ir]iic}i  tlie  fluid  metal  l^| 
TODOTed.  Tin  may  Ekewiae  be  deposited  &otn  its  salutifl 
enrntftDtoe  ttote,  by  eleetrie  aeeocr,  and  i$  b  j  thia  means  JU 
in  the  form  of  elongated  ana  renr  brilliant  prisms,  of  wlfl 
exac't  rektionn  bare  not  been  aceuratelT  detemtined.  H 

The  tin  of  commerce  is  never  quite  pure,  but  i*  contafll 
by  the  presence  of  rarioua  other  bodies,  and  partieulnrly  td| 
To  obtain  it  in  a  state  of  chemicai  puritv^  granulated  tUL,  of 
filinga,  may  be  oiidised  by  an  excess  of  nitric  acid,  and  the  m 
ing  Htannic  acid  washed  first  with  hTdrochloric  acid,  and  i 
iequently  with  water. 

The   peroxide   of  tin   thus   obtained  ia  now  reduced  to 
metallic  state  bj  being  subieeted  to  a  low  wiiite  heat  in  a  ck 
crucible  lined  vrith  charcoal.     If  pure  water,  instead  of  hyi 
chloric  acid,  be  used  for  washing  the  peroxide,  it  is  liable  toj 
traccH  of  copper  lield  in  combination  bv  the  stannic  acid. 

Tin  is  not  usually  affected  by  exposure  to  the  air  at 
tetupemtureg,  but  when  fused  its  surface  is  rapidly  covered] 
pellicle  of  a  greyish  colour,  consisting  of  a  mixture  of  the 
of  the  metal  with  stannic  acid. 

Thiii  oxidation  of  tin  proceeds  with  much  greater  rapidilj 
morcj  cluvated  temp  era  turcs,  and  when  heated  to  whiteueas 
com  OB  BO  tti*livo  aa  to  be  attended  with  distbict  com  bait 
accoitipanioil  b^  a  strong  white  flame.  At  a  red  heat  it  is  oxidi 
by  coatact  vvitli  water)*  vapour,  and  is  rapidly  converted  into 
peroxide  with  the  evululiou  of  hydmgen  gas. 

It  ia  diHHolved  in  concentrated  hydrochloric  acid,  with  the] 
ductiou  of  hydrogfn  gaa.  Similar  results  are  obtained  whea ! 
acted  on  by  warm  ddute  eiulpburic  acid,  but  the  action  i^  in 
caao  oxtremclv  slow.  Coueeutrated  sulphuric  acid  act«  enen 
cally  on  jrielnllic  tiri»  with  the  fornuition  of  sidphate  of  the  : 
toxidPt  and  the  evolution  of  Bulphurous  acid  gas,  Nitric 
readily  nxidiacH  tin,  and  converts  it  iuto  stannic  acid.  If  the 
employed  bo  moderatrdv  concentrated,  large  quantities  of  deutc; 
of  nitroefcn  are  evolvt-j.  When,  however,  very  dilute  acid  ia  H 
tlie  oxidntiiin  is  nlowly  effected,  and  no  gas  is  given  otf^  since 
the  mutual  dccoinpositiou  of  the  metal  and  nitric  acid,  peroxid 
tin  and  nitrate  ol  ammonia  are  simultaneously  prodaced.j 
jfrajjirif-nt  of  metallte  tin  be  placed  in  a  vessel  containii 
hydrated  nitric  acid,  that  is,  acid  at  its  utmost  state  of^ 
tration,  it  is  not  in  the  slightest  degree  acted  on»  but 
brill taney  of  surface  as  pcrtectlv  as  if  mei'ely  exposed  to 
pheric  iiiliuenceQ,    On  \<\v<i  !A&LViI^  Ws^'^^;*^^.^^  ft.few 
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.  a  violent  action  oa  the  metal  is  instantly  set  up,  and  a 
■  Ttiou  of  tbe  liquid  is  frequently  carried  over  the  side^  of 
■l  by  the  rapid  oscnpe  of  the  gaBoa  evolved.     Tin  is  like- 
.    r»adily  attacked  by  aqua  regiii,  which,  if  the  hydrochloric 
phi  bo  in  exceBS,  giveo  nue  to  the  formation  of  a  perddoride  of 
it  rnr  tal. 
^Vritpr  is  decompofied  by  tin  in  the  presence  of  the  fixed  alka- 
titrating  this  metal  in  a  conceiitratLnl  solution  of  fither 
1  da,  hydrogen  gas  is  c\"olved,  and  a  stunnatu  uf  the 

^nd  uLtuined. 


0BB8  0^  Tnr. 


•^I«le  or  Tin;  Etfrin  o:r*fdt^  *  Zinnstfin. — Tlie  tin  of  commerce 

iisivclv  obtained  from  the  native  oxide  of  that  metal,  wliich 

almost  exclusively  to   the  primitive  formatious,  and   ia 

met  with  in   veiua  tniverHtiijof  tfriuiito,  gneiss^   and   mica 

Oxide  of  tin  belonc^s  to  tlje  right   prihtmatic  system,  and 

Bpecitic  gravity  varyinj^  from  6*3  to  7*1*     Its  colour  ia 

lly  bro\ni  or  black,  but  aumetimes  red,  grey,  white,  or  yellow. 

an  imperfect  eoncUoiilal   fracture,  a  grey  streak,  and  a 

adamantine  lustre, 

en  pure,  thia  mineral  consists  of  tin  7862,  oxygon  21*38. 
however,  frequently  asstx-iJited  with  other  metals,  and  often 
a  arsenic,  a  little  oxide  of  iron,  mul,  more  rarely,  oxide  of 
binro. 

A  specimen  of  oxide  of  tin  from  Cornwall,  analysed  by  Klaproth, 
e  the  following  results  : — 


Tin  ...  . 
Oxj'gen  .  , 
Oxide  of  iron 
Silica    .     .     , 


.  7750 

.  2150 

.  0-25 

.  0'75 

10000 

e  composition  of  this  mineral,  as  well  as  that  of  artificial 
ftannic  acid,  may  be  expressed  by  the  fumvula  SnOj.  The  most 
commonly  oct^nrring  crystals  are  sqnare-baacd  prisma  terminated 
by  four  triangular  faces,  which  may  be  mon*  or  lesH  modified 
<m  their  edges  and  angles.  It  »ometinies  also  affords  modilications 
which  give  rise  to  the  formation  of  eight  terminal  planea  at  ea43h 
ikptuit,  which  may  also  be  themselves  modified. 
^■BTOxide  of  tin  very  frequently  likewise  aiforda  cryBtals 
^Kusly  grouped  together, 

^Htide  of  tin  is  in  fusible  when  heated  alone  \ie?owi  tW"\AEWi- 
^m  mil  id  not  readily  re  Juecd  to  the  metallic  Statti  "m^iKoviSt  * 
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aid  of  Allies.  It  ia  also  insoluble  in  acids;  but  when  b«to4l 
charcoal  support,  with  the  addition  of  carbonate  of  iodi»  m 
aflbrda  minute  globides  of  metal. 

Corowall  ia  one  of  the  most  productive  loc«lititt  d 
minend^  where  it  occura  associated  with  copper  and  inm 
woliram,  topaz,  mica^  talc,  and  tourmaline,  together  with 
and  other  iiilicutes.  Tin  mines  are  also  worked  in  Sasooy, 
and  Bohemia,  at  Slalacc-a,  Pegu  in  China,  and  espec 
Island  of  Banea  in  the  Earit  Indies,  from  whence  large  q 
are  aDnnally  imported  into  thia  country.  This  oiide  alw 
in  GftUeia,  Spain ;  at  Dalectirlia  in  Sweden ;  in  the  De 
of  the  Hante  Vienne  in  Franco ;  in  Greenland, 
MeiicOj  Chili,  and  the  United  States  of  America, 

Tin  Pyrltea  t  Efain  ttti/are ;  Zinnkies.  —  Thia 
hitherto  been  only  found  in  a  cr>^stalliue  state  in  Uuel 
in  the  parii^h  of  St.  Agnee,  Cornwall ;  from  whence 
crystals,  possessing  cleavages  parallel  to  the  faces  of  the  [I 
form,  have  oceaaionally  been  obtained.  Tin  pyrites 
yellouish  grey  colour,  and  baa  a  strong  metallic  lustre 
monly  occurs  in  granular  amorphous  maaaea,  and  has  1 
gravity  of  435.  Tt  atibrds  a  black  streak,  and  presents  ao 
iracture.  When  heated  before  the  blowpipe,  sulphiu^ 
fuses  into  a  black  slag,  which  ia  eitremely  diificult  of 
It  is  sohible  in  nitric  acid,  with  evolution  of  nitrous  i 
and  affords  on  subsidence  an  abundant  whit^  precip 
peroxide^  of  tin.  Two  ajialyses  of  this  i&ubstance  yiey 
tbJlowing  results : — 


Kudcmfttich. 

Klaproth, 

Tin  .    . 

.    *    25'i>5     . 

,     ,    20*5 

Copper 

,     .    2939     . 

.   .   aoo 

Iron 

.     .     1244     . 

.     .     12D 

Sulphur 

,     .    29-64     . 

.     .     30*5 

0702  99-0 

The  coraposition  of  this  mineral,  as  far  as  concoma? 
combination  of  its  elements,  is  still  to  a  certain  extent 
although  it  would  appear  to  be  a  sulphuret  in  which  thi 
the  sulphur  to  the  whole  of  the  metals  [>reseut  is  as  I 
may  be  consequently  expressed  by  the  formula  (SuCuFel 
mineral  does  not  occur  in  autlitient  quantity  to  admit 
metallurgically  treated,  and  cannot,  therefor©,  be  rcj 
ore  of  tin. 

Mrclianlral  Frepnrnttiin  of  Tin  Oreii. — The  tin  ore  of  i 
Ib  found,  either  In  Te»j\A\iT  \t\w*  ot  VAet^  ^t  W  ^^j&«k«« 
are  i^imiona  oC  iiusneio>3A  %n^ij;i  n^w^  'ato^^wBo.^i 
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in  all  directions.    Wlien  the  ore  occurs  in  lodea,  it  is 
*ted  and  brought  to  the  aurface  by  the  methoda  described  ia 
ohapter  devoted  to  the  expknation  of  these  ojK^ratioDs ;  but 
^©    stockwerka,  or  minute  nietxdlifcrous  veina,  which  frequently 
^Vf^nse  gTiinite  and  the  feldapar  porphyry,  called  in  the  West  of 
'ud  eiran^  arc  sometiines  removed  dj  large  open  workings^  a» 
.rclaze  Mine,  in  the  neighbourhood  of  8t,  Austell,  from  which 
'ge  qiuintitiea  of  tin  were  formerly  extraeted  by  this  method. 
Tbe  pjriucipai  tin  mines  of  the  West  of  England  are  groujKjd  in 
separate   didtriet^ — namely,   in  the  eouth-wetitern  part  of 
beyond  Trm*o  j  in  the  immediate  Deighbourhuod  of  the 
of  St,   Austell ;    and  in  the  vieinity  of  Tavistock,  in  the 
of  Devon.     The  ore  extracted  from  miues  is  commonly 
lucli  disseminated  in  the  gangiie  by  which  it  ia  accompanied,  ana 
Hjiiently  requires  to  be  reduced  to  a  very  tine  powder  before 
be  separated  from  the  earthy  impurities. 
tu  the  high  specific  gravity  of  oiide  of  tin,  its  purification  is, 
er,  readily  eflected,  as,  from   this  circumstance,  it  is  but 
lable  to  be  carried  ofl'  by  the  washings  to  w  hich  it  is  sub- 
..  and  therefore  admits  of  being  idmost  compietcly  sepanited 
iruni  the  various  lighter  bodiejs  with  which  it  is  intermixed.     The 
tulpiiurets  and  arseuiureta  which  are  found  in  veiuH  producing  tin 
ore  do  not  admit  of  being  readily  eliminated  by  this  treatment, 
IS,  firom  their  high  densities,  they  are  liable  to  remain  miied  with 
the  ore  at  the  close  of  these  operations.     This  difficulty  is  reme- 
died by  a  gentle  calcination  and  rewaahing  of  the  oreSj  as  the 
oxide  of  tin  remains  nnaifccted  when  mudcrately  heated,   whilst 
the  a;3sociated  sidphurets  and  arseuiurets  are  decomposed,  and 
their  gravity  thereby  so  diminished  as  to  admit  of   their  ready 
sepfiration  when  again  exposed  to  the  action  of  a  ciurrent  of 
water. 

On  arriving  at  the  surface,  the  ore,  or  work,  is  cleansed  from  the 
adhering  clay  and  dirt  by  being  placed  beneath  a  small  stream  of 
water,  by  which  the  lighter  portions  are  carried  oft'  io  suspeusioa. 
The  ore,  for  this  purpose,  ia  sometimes  plac-ed  on  an  iron  grating 
l>eneath  a  fall  of  water,  and  is  moved  about  with  a  lai'go  ralve,  to 
fiicilitate  the  operation,  Tho  ore,  after  being  thus  cleansed,  ia 
9paleti,  or  broken  with  large  hammers  into  pieces  of  ironi  two  to 
thrc4>  pounds  in  weight ;  and  these  are  subset^uently  divided, 
according  to  tht?ir  richness,  into  three  distinct  classes. 

The  ih*st,  which  is  composed  of  the  richest  and  purest  frag- 
ments, is  called  heat  work,  and  is  reservetl  for  a  separate  mechanical 
preparation.      Tlie   second  class   includes  those  portions   which, 
hough  less   rich,  and  ctjntimiinated  with  a  larger  amount   of 
imties,  ornvj  notwithtitiuidingj  be  treated  wit\\  ^ii\MaX^^<6,    T^^ 
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tbird  dirisioQ  consists  of  the  entirely  sterile  pidce*.  which 
chiefly  composed    of  stony   giin^ue,  and  of  itoii  and  fflJ 
pyritL'a.     When  hides  at  the  same  time  yield  orea  of  both 
and  tin,  they  are  as  far  a^s  praetieable  separated  diirinfj  the 
above  descrilwd,  and  thus  give  rise  to  tho  formatioa  of  one 
more  additional  classes. 

The  ore  18  now  stamped,  or  reduced  to  a  more  or  les«  mini 
divided  powder,  under  a  series  of  heavy  irtjn  pes*tlcs,  moved 
by  steam  or  hycb-aulic  power.     The  siae  of  the  fra^ieuts  of 
produced  is  regulated  by  the  dimensions  of  the  lu)leH  pierced  i 
pieces  of  thin  sheet  iron  inserted  in  front  of  the  stamp  cii 
and  tlirough  which  the  pulverised  mineral  frt^m  the  mill  i«  «ii 
by  a  stron^^  current  of  wat^2r  admitted  into  the  -  iw 

that  puq>0}^e.     The  bottoms  of  the  troughs  are  fo:  I 

roeka,  tirmly  beaten  into  the  earth  by  the  action  of  thr  p 
and  the  ore,  on  issuing  from  the  srtaraps,  is  earned  into  n  scnesj 
basins,  ill  the  first  of  which  the  richer  and  eour:?cr  fni^nw 
deposited,  whilst  the  pooix^r  and  more  finely  divided  portif 
oolleeted  in  other  rcBer\'oirs. 

The  roupjher  particles*  are  washed  and  eoncentrat«l  in  hi 
and  tmsimj  tubs,  and  the  aUme,  or  more  finely  powdered 
trunks^  and  on  the  rack. 

Wien  the  ore»  have  by  these  means  become  suiln 
centra  ted,  they   are   removed  to   the   buming-housc, 
sulphurcta  and  arseniuretm  are  decomposed  by  being  fai- 
properly  constructed    reverbemtory   furnaces,     Thew   itna   i,    ^, 
12  to  15  feet  in  lengtli,  and  from  7  to  9  in  width,     llie  hiMM 
horizontal ;  and  the  arch,  which  is  abovit  2  feet  in  heigbt  H^H 
neighbourhood  of  the   tire-bridge,  sinks  gradually   towaiw^^f 
ehimney.     This  arrangement  is  provided  with  but  one  opevofp 
closed  bv  an  iron  door  plact^d  at  the  extremity  of  the  »«>le  furtbrtl 
removed  from  the  grate,  and  immediately  under  a  bri«*k  hoxL 
by  which  the  sulphurous  and  arsenical  fumea  are  dirrvrtly  laniML 
off  into  the  tdiimney,  without  any  annoyance  or  tDJury  10  IW 
workmen.  H 

In  connection  with  the   flues  of  these  fin  ''~^^^4 

densing  chambor8»  in  which  the  areenious  a*  i  iafl 

crystalline    form.      This   is    subsequently   |  a   tipccm 

aublimation,    in  order  to  convert  it   into  t 
commerce. 

From  SIX  to  ten  cwts.  of  ore  constitute  achfifirc  for  <">ti«^ 
ftimaces.  and  this  ret|uire8fi'om  twel 
tf)  the  amount  uf  pyrites  pn'sini    L 
The  charging  of  t\'w  i\\v\ 
phcvd  in  thf  centtc  ot  xW  <—  - 
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tily  of  ore  luui  been  intToduced,  it  is  regularly  spread  over  tlie 
c*e  i)C  tile  Hule.  aJid  the  workiu^  door  minipdiately  closed.     At 

<.*4jrfi!ii»iicrii  .  ut   oi*  the  opoi'atioii  tlic  Leat  is  very  gradually 
Til  it  readies  dull  ivdne^s,  at  wliich  temperature  it   m 
!•?    k«.*pt   during   ^evend   successive    hours.       At   proper 
'ur  riL'  tlie  process  of  caleliiatioa,  the  door  ia  opened,  imd 
I   i..    .  >l  about  with  an  iron  nike,  bo  aa  to  expose  a  new 
to  the  action  of  the  heated  air  passing  through  the  furnaee. 
h  pyritej*  is  present  in  the  ore,  great  care  is  required  at 
ment  of  the  operation  to  so  moderate  the  tempera- 
vent  its  aggregation  into  large  masses, 
"NV'h'-ti  I  he  ore  has  been  sufficiently  roasted,  which  is  indicated 
i^y  ceaaing  to  exhale  white  fumes,  an  iron  plate  fitted  into  the 
of  tlie  furnace  is  removed,  and  the  charge,  whilst  still  red 
is   raked   through  the   aperture,   and  fidls   into  an  arched 
il>er  pWed  beneath,  where  it  is  allowed  to  cool.     The  calcined 
s  now  again  subjected  to  the  process  of  washing ;  and  the 
irities,  which  have  been  mostly  decoiuposed  and  transformed 
peroxide  of  iron,  are,  from  their  reduced  sijccitic  gravity, 
lily  removed.     "VVTien  the  original  ore  is  much  contaminated 
T  p^Titeg,  it  is,  after  being  carefully  roasted,  often  allowed 
i  for  some  time  exposed  to  the  atmosphere  pre viu us  t-o 
I  in  washed,  as  the  sulphurets  present  are  by  that  means 
oxidised    and  converted  into   sulphates,   which,   being 
4c;  in  water,  are  readily  reinoved.     If  tin  ores  contain  much 
er,  it  is  usual  to  place  them,  after  their  removal  ironi  the 
ing-hou8t\  in  a  vessel  contaitiing  dilute   sulphuric  acid,  by 
■h    the   copper   is   readily  dit^solved,  whilst  the  oxide  of  tin 
cted.     After  this  treatment  with  sulphuric  acid,  the 
i  in  pure  water,  tuid,  uirdcr  the  name  of  Itfack  tin,  ts 
V  to  be  transferred  to  the  smelter.     In  some  of  the  Cornish 
.4  the  tin  ore  is  associated  with  wolfram  (a  double  tungstate 
<m  and  manganese),  which,  from  its  great  specific  gravity, 
■  '■it  by  any  mechanical  means  be  separat^^d  from  the  oxide  of 
The  presence  of  this  mineral  is  therefore  extremely  prejudi- 
.  as  it  exerts  a  verv  imiavourable  iiiilueuce  on  the  (|uidity  of 
^  I     metal  produced-     tJntU  recently,  no  convenient  method  for 
'  ii-    Hcparation  of  these  bodies  had  been  emptloyed  ;   but  by  the 
"I  r.^\rais  Lately  patented  by  Mr.  Oxland,   thi-^  is  readily  and  eoni- 
Jjletely  effected.     For  this  puii^ose,   the  mixture  of  tin  ore  and 
jlfram  is,  with  a  httle  carbonate  of  soda,  heated  to  redness;  in  a 
^rberatory  furnace,  w  hen  tungatate  of  soda  is  formed,  and  the 
n  of  iron  and  manganese  are  liberated.      The  tungstnte  of 
wrhich  is  a  soluble  salt,  is  readily   removed  by  water,  and, 
irystaULsation,  may  be  employed  by  calico  'pxm\ttT%  ^  ^ 
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mordant.     The  oxide  of  iron,  and  other  impurities,  ii* 

Suently  separated  troiu  the  lixinated  ores  by  washing, 
eacribcd. 

When  tin  or©  is  found  iii  alluvial  deposits,  as  in  the  Ti 
Pentewim,  and  other  locaLlities  in  Cornwall  anii  ebewl 
extracted  by  a  series  of  open  workings  called  stream- worki,] 

The  stanniferous  deposits  in  these  situationfl  occur  in 
of  regular  beda  or  iloora,  in  which  tho  oxjde  of  tin  is 
with  coarse  sand  and  nuineroua  pebbles,  which  have 
heen  rounded  by  the  action  of  water.     These,   together 
aasoL-iated  wauda,  ara  washed  under  a  current  of  water  iai 
wooden  box  called  a  f^riddle^  and  the  metalJie  fra^meuttf 
in  accordanee  with  the  amount  of  metal  which  they  t^4\ 
contain. 

The  difierent  classes, — except  the  first,  pritU^  which 
ciently  rich  to  be  at  ooce  treated  for  the  metal  they  eou1 
stamped  and  concentnited  by  the  usiiul  routine  of  waal 

Stream   tin   is    always    much   purer,   and   eonsetjiH 
valuable,  than   that   obtained   directly  from   mines,  8% 
exposure  to  air  and  moisture,  the  pyrites  with  which  it 
nnUy  mixed  has  become  oxidised  and  carried  off  in  solutic 
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This  metal,  although  it  is  sometimes  precipitated  in  the 
sulphuretjis  invariably  est  iniated  in  the  state  of  stannic  acii 
suiphiiret  ia  tram^^foraied  iato  peroxide  by  being  roasted  IQ 
porcelain  crucible  until  the  whole  of  the  sulphur  has  been 
a  few  drops  of  nitric  acid  are  then  added,  and  the  crucible 
coatenta  again  heated  to  redness.*     Tin  is  readdy  sepnmtc 
the  earthRj  as  also  from  xinc  iron,  cobalt  and  nickel,   hv  f»ii! 
retted   hydrDgen,     For  this  purpose  the  solution  sli- 
made  in  hydrochloric  acid  as  to  form  a  protochloriu 
whieh  the  sulphuretted  hydrogen  gas  is  passed  in  h: 
When  the  liquor  contains  in  solution  a  sufficient  amoui! 
chloric  acid,  the  beaker  in  which  it  ia  contained  is  covr. 
glass  plate  and  allowed  to  remain  in  a  warm  place  until  tl 
of  the  sulphide  hus  beeu  deposited.     This  is  now  si'in 
filtration,  ond  eon  verted  into  peroxide  of  tin  by  expoj«i! 
and  the  addition  of  a  few  dropH   of  nitric  acid,     \V  ne; 
also  present,  which  is  frcfluently  the  case  in  tin  ores 
metalfl  will  be  precipitated  together  by  the  sulphuretted  h 


^  gtaimvc  and  cot),Vuxa  n%^\  '^gcs  tocft..  ct\  \x»iui£^ 
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^  tlwsr  jcpantfkni,  tlie  mue<i  eiUphoiets  must 

be  tn»toa  by  nilrie  mead,  which  tratisforms  the    ^ 

izuduble  peroxide:,  whilst  the  copper  in  converted  into  m 

Aiker  filtnition  from  the  insoluble  stanuic  acid, 

J  be  prac^niBted  and  estimated  according  to  the 

led  wBfln  ftveatmg  of  that  metal. 

of  tin  om^  >^d  particularl j  the  aeparatiou  of  that 

flilicar  is  best  eSeeted  by  the  foUoining  method,  for 

«re  indebted  to  Professor  L,  £.  Kivot,  of  the  Ecole  des 

Hie  Biixtun!  of  tin  ore  and  its  siliceous  gangue  is  ^t 

and  afterwards  heated  to  redness,  in  order  to 

bjgroscopic  water  which  may  be  present.     It  is  then, 

^  wetgbea,  placed  in  a  small  poreekun  trough,  and  intro- 

n   tube^   either  of  porcelain  or  hard  (German  gUsa^ 

by   *    g**  flame  or  a  charcoal  fire.     A  ctirrent  of  dry 

^Sy  lumisbed  bj  an  apparatmi  applied  to  one  of  its 

n,  ni  DOW  nuide  to  slowly  traverse  the  tube,  care  being  at 

tttne  taken  to  aroid  any  loss  of  the  nrnttir  operated  on 

Bftflfif"'"^  action  of  the  gaseous  current.      When  the 

I  ham  been  thus  arranged,  the  tube  is  heated  to  dull 

and  tbe  reduction  of  the  oxide  of  tin  taket*  pluee  yeiy 

After  Laving  allowed  the  mixture  to  cool  down  to  the 

of  the  surroundiDg  air  in  an  atmosphere  of  hydrogen 

Ifoagb  and  its  ocmtenlB  are  removed  from  the  tube,  when 

mleae  it  baa  been  too  higMy  heated,  will  be  found  in  the 

r  a    grey    powder,    without   any   admixture  of  nietidlic 

L     If  the  mixture  operated  on  couBist  entirely  of  tin  and 

^  may  now  be  iigaiu  weighed ;    and  from  the  loss  eipe* 

rhicb  corrcTipouds  to  the  amount  of   oxygen  CLmibiued 

liii,  u*Ay  be  deduced  with  lolerabie  accuracy  the  weight 

t  ©etal  preeent.     As,  however,  any  error  of  weight  in  the 

Id  be  considerably  multiplied  with  regard  to  the  metal 

it  was  combined,  the  metallic  tin  mtiy  be  dissolved  in 

containing  a  large  eioesa  of  hydrochionc  acid,  and  tha 

eoDected  on  a  filter,  dried,  and  again  weighed 

win   represent   the  amount  of  oxide  of  tin   ori 

;  and  from  this  may  be  readily  caleuiated  the  per^:eil1 

itoelf. 

Mker  aubstances,  mich  as  iron  and  copper,  are  present  in 

ight  of  the  tin  cannot  be  determined  either  by  the 

ti  osygen  abstracted,  cjr  by   Uiat  of  the  residual  silica. 

'  tbe  weight  of  the  siliceous  gangue  caii  be  thus  ascer- 

tbttiD  niu6t  be  separated  from  the  other  metals  in  tl>p 

ami  estimated  as  pertuide   by  the  umuuI  methods  of 

One  great  advantage  of  thia  method  coiisiat«  in.  Ua 
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iriil  arsemc4il  pyrites  may  be  much  more  thoroughly  and  expe- 

Ay  obtaiued  by  boilin":  the  pulverised  ore  for  a  short  titne 

I  tilight  eioeaa  of  aitru-hvdrofhhme  acid,  by  which  theae 

liccB  are  readily  and  completely  dissolved,  whiUt  the  native 

^M,  'Aide  of  tin  remains  imattacked.     WTien  all  chemical  action 

on  the  ore  has  ceased,  water  is  added,  and  tbe  residue  thrown  on 

»  filter,  where  it  u  carefidly  washed.     After  haviug  been  allowed 

to  drVt  the  residue  is  neit  removed  from  the  filter,  and  calcined 

in  an  open    crucible  with  a  wide    mouth,   for  the   purpose  of 

removing  any  Braall  quantities  of  sulphur  which  may  result  from 

the  decunipotiition  of  the  pyrites  origmtdly  present  in  the  mineral. 

The  ore,  after  being  tliua  prepared,  either  by  wnshiDg  only,  or  by 

washing  aided  by  an  attack,  is  reduced  in  a  lined  crucible,  and  at 

tht*   sfinie  temperature  as  that  at  which  iron  anaays  are  conducted. 

Mature  aud  proportiona  of  the  ttuxea  eoi ployed  will  necessarily 

l  on  the  amount  and  composition  of  the  gangue  with  which 

re  is  as.soctated  ;    but,  as  this  is  in  most  instances  highly 

ux,   carbonate   of    soda  and   fused   borax   may   be  always 

employed   with  advantage.      For  ores  of  moderate  purity,  from 

1^0  fn  'k)  per  cent,  of  a  mixture  of  equal  parts  of  borax  and  caiv 

1  •  of  soda  will  be  found  to  answer  extremely  well ;  and  equally 

>.,^ .-;  j'esults  are  obtained  by  the  addition  of  40  per  cent,  of  zi 

Hux  composed  of  three  parts  of  carbonate  of  soda  and  one  part  of 

finely  powdered  lime. 

For  the  estimation  of  this  metal  when  occurrmg  in  extremely 
poor  ores,  and  particularly  in  the  akgs  obtained  from  furnaces 
in  which  its  metaJlnrgic  treatment  is  conducted,  the  method  of 
M.  Kivot  is  eminently  adapted,  and  is  perhaps  the  only  process 
bj'  which  the  exact  amount  of  tin  existing  in  the  poorer  slags  can 
be  readily  ascertained. 


MITALLUBGY  OP  TI5. 

The  metallurgic  treatrncnt  of  tin  ores  is  conducted  by  two 

£fiei*cnt  methods.     By  the  first  tlie  reduction  ta  effected  in  a 

irvci'beritory  furuiwe  fired  with  common  pit  coal,  and  in  which 

t'S  operated  on  are  mixed  with  a  proper  amount  of  powdered 

tcit<*  or  other  carbonaceous  matter.     By  the  second  procesa 

vide  of  tin  is  reduced  in  a  small  blast  fuma*::e,  /ovraeau  a 

.../i*,  which  is  aupj)lied  with  a  current  of  air,  either  by  bellows 

nr  blow  ing  cylinders,  and  in  which  wood-charcoal  is  the  only  fuel 

' ' '      'fhis  method  is  merely  applied  to  stream  tin,  and  in 

only  in  which  extremely  pure  metal  i»  Te<\\i\re4,    Tci^ 
rKi:iiuisiHuent«  in  which  the  reverberatory  fumacea  arc  em^o^tA. 
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iure  called  smctting-houaea^  and  those  in  whicb  thektteriPDd 
is  used  are  known  by  the  name  of  blowmg-houaet. 


TTET-SMXLTOrO  IK  THE  EETERBEBATOET  FTXITACX. 

The  metaUurgic  treatment  oi*  this  metal  in  the  reverbenK 
furnace  includes  two  distinct  operations — smelting  and  rtjfm 
The  furnace  in  which  the  first  of  these  proce«se»  is  codM 
is  represented  by  the  followincf  woodcuts,  of  vliich  fi^.  1 
ia  a  vertical  section^  and  Mg.  15^  a  ground  plan.  a«  i^  tbtfi 
doop  by  which  coal  is  supplied  to  the  grate  6;    c,  is    '' 


TUr-SMXLTXJTG  TB  TSE  RZTEBBEBJLTOBT  FrBXACnt. 

;h  tbe  ore  is  introdaced  on  the  heartb  d;  d',  is  the  woi 

thert  mnoTed  from  the  grate  ;   c,  ib  a  hole  ^metimes 

crown  of  the  raulted  roof  for  the  purpose  of  introducing 

tt  of  air  80  as  to  corry  the  fiimes  into  the  chimney  duri 

imining  of  the  isliigs  from  the  metallic  bath;    o  is  an  ^ 

>1  for  admitting  cold  air  beneath  the  hearth  and  through 

•bridge,  in  order   to  prevent  their  becoming  too  highly 

I  during  the  progress  of  the  opc^ration;  ^,  is  an  ea[ternal 

into  which  the  melted  metal  ia  drawn  off;  A,  is  the  flue; 

the  chimney,  which  should  be  from  fortv  to  fifty  feet  in 

The  roaated  and  washed  ore  ia  mlieJ!,  previoua  to  its 

oduction  into  the  furnace,  with  pulveriaed  anthracite,  and  a 

11  quaDtitr  either  of  slaked  lime  or  fluor  »par,  which  serves  as  a 

for  the  siliceous  impurities  present.     Each  charge  consists  of 

n  20  to  25  cwts.  of  ore,  containing  from  60  to  65  per  cent,  of 

%r9t  Operation, — Before  the  introduction  of  the  ore  into  the 
lace,  it  is  carefuUv  mixed  with  about  1-8 th  of  its  weight  of 
renaed  eoal  or  anthracite,  and  a  little  slaked  Hme,  or  fluor 
i;  ta  added  to  facilitate  the  fusion  of  the  siliceous  gangue. 
s  charge  is  also  slightly  sprinkled  with  water,  for  the  double 
poae  of  rendering  it  more  easy  to  charge,  and  likewise  to 
rent  any  portion  from  being  carried  off  mechanically  by  the 
ught  into  the  flues.  The  charge  varies  with  the  dimensions  of 
furnace,  within  the  limits  already  mentioned,  and  the  heat  ia 
iuaUy  raised.  During  the  flrst  six  or  eight  hours  the  doors  are 
cent  closely  shut,  and  the  contents  of  the  furnace  are  con&e- 
Qtly  not  stirred.  At  the  expiration  of  this  time  the  reduction 
he  oxide  is  complete,  and  the  door,  <f ,  at  the  extremity  of  the 
;er  axis  of  the  fiimace,  is  removed,  and  the  melted  mass 
ked  up  with  a  long  iron  paddle,  in  order  to  separate  the  metal 
I  the  slags,  and  to  ascertain  how  far  the  reduction  has  become 
meed. 

rhen  this  ia  judged  to  be  complete,  the  scoria?  are  carefully 
drawn  from  the  surface  of  the  metallic  bath  bv  an  iron  rake, 
removed  by  the  door,  d*^  to  the  floor  of  the  building,  where 

are  subsequently  divided  into  three  classes.     The  aJags  of' 
first  class,    o,  which  constitute  about  three-fourths  of  the 
le  weight  produced,  are  as  free  from  metal  as  it  is  possible  to 
e  them,  and  are  conseauently  rejected  as  being  of  no  further 

Those  of  the  aecontl  class,  6,  are  mechanically  mixed  with 

it  five  per  cent,  of  tin,  in  the  form  of  small  metallic  globules, 

ft   Jtrr*  afterwards  extracted  by  crushing  the  scorijc  under  a 

lill,  and  separating  bv  washing  the  metalUc  eyasix^v!^ 

[         rni-ptreoua  matter  with  which  it  was  aaaoda^je^,    Tt\» 
t/ggmiiiutin'r  fh*»  tiiij^  divimouj  c,  are  much  smaikt  m  cj*' 
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of  the  vwQ  fionner  dftises,  and  eonsiit  of' 
lisk  f^tnoved  hj  the  nke  from  the  suHiuio  ofl 
to  tapping   into    tbe  exteriar   basin.    1^1 
zidi  in  metallic  globalea,  aad  likewise  eonUin»i 
acid:  it  18  set  aside  to  be  remelted  whh 
dhai^^ 
Wtai  the  slagt  bare  all  been  withdrawn,  and  the 
in  the  furnace,    the    channel  coiumuuicating 
extemal  basia,  y,  is  opened  by  removing  the  clay  stopper 
ranted  iron  bar,  and  the  tin  immediately  flows  from  the  li 
mto  the  outer  basin,  where  it  is  allowed  to  remain  a  short  tit 
ofder  that  any  portions  of  scoria  still  adhering  to  the  tin 
from  its  leas  deiiaity,  come  to  the  surface  and  be  akimi 
When  ttit*  tin  haa  sufficiently  settled  it  ia  laded  into  proper 
where  it  affwnmes  the  form  of  rectangular  blocks 

T1k>  metal    thua  obtained  is  so  much  contaminated  by 
nu'tjiU  iiH  to  lie  rt'iidered  quite  unfit  for  many  purjxjeea  for 
firdlunn    tin  ii*  eni|)luved.     To  get  rid  of  these  foreign 
rhit'lly  cv»u»i»tiii^  oC  iron,  arsenic^  copper,  and  tuugBten, 
with  tionw  unrt'dui'iHl  oxide  of  tin,  the  crude  metal  is 
jiHifd  to  a  ])nx'i't*»  of  refiimig. 

Sfi^t^Hii  Oiyri'ittion. — Tht*  jvfining  of  tin  comprises  two  di 
opcnit  li^ii.*,    thf    Jirstt    of  which  is  a   liquation    conducted 
rtivcM'brnitorv  fiirnace  siiniiur  to  that  in  which  the  reductu 
the  on*  i»  ctlet-ted  ;  while  tlie  aecond,  which  may  be  called' 
refining  juxiper,  is  cIiaructeriHed  by  the  metal  being  caused  le' 
with  jL^reat  nuiidity  in  an  ii'ou  basin,  by  the  introduction  of  billtffe 
of  green  wood. 

For  thi^  litiiiation,  or  first  stage  of  the  proeees,  tbe  blodci  ^ 
impure  tin  are  iirraiiged  in  the  furnace  so  as  to  form  a  hollow  h«l| 
in  tbe  neighbourhood  of  the  fire-bridge,  where  they  are  graduBlfc 
heated  to  the  point  of  fusion.  The  tin  now  melta,  and  Aowf  0 
tlie  8ole  into  the  outer  basin  ;  but,  after  a  time,  the  blocks  ceH 
to  afford  any  more  tui,  and  a  reaidue  consisting  of  a  higldy  fcm 
ginous  droaa  remains  on  the  hearth.  Other  blocks  are  nff 
charged  into  the  furnace,  and  the  operation  is  continued  unt 
about  five  tons  of  metal  have  been  collected  in  the  basin.  Tl 
ferruginous  residue  is  ai'terwardM  removed,  and  set  aside  to  \ 
ibaequ«intlv  treated  in  connection  with  the  stamped  and  wjiabi 
irilB,  A»  ot  the  smelting  funiaee»  and  the  smaller  amount  of  « 
lags,  f,  which  have  heen  removed  immediately  from  the  surfiice  i 
"u>  bath  before  lapping  the  metal  of  the  first  fuaion  into  tJ 
ttcirior  basin  of  reception.  Tlie  refining  proper  now  begin 
Billetss  of  green  wood  are  lowered  by  an  \vi>u  o-ibbet  into  the  M 
of  liquid  motai,  ^UeXi,  ^Tom\\vt.  t^V  ^^  o^^  5^  tbw 

is  kept  \sk^ 


s\iX  <^^ 
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to  the  surface  a  kmd  of  frotb  chiefly  oompoaed  of  oxide 
And  other  Glides,  and  csoies  the  more  tmptire  and  denaer 
iQ  to  fall  to  the  bottom  of  the  \mmn.    Tina  fnAh  u  mu 
Bkunnied  off,  and  again  thrown  bsck  into  the  funia<« ;  and 
the  operation  is  thought  to  be  sufidentir  adranecd,  the 
in  wood  is  withdrawn,  and  the  contents  of  the  basin 
settle.     The  metal   now  arruigee  itself   into  three 

of  which  the  upper  is  the  most  pure ;  that  in  the  middle  is 
>d  with  small  quantities  of  other  metahi ;  while  tho 
ions  whicli  sink  to  the  bottc^n  of  the  Teeael  are  still  momj 
^^Jmre,  When  sufficient  time  has  been  allowed  for  this  arrange- 
^^ut  fully  to  establish  itself,  the  different  zones  arc  successirelj 
^^Mtd  out  into  iron  moulds.  The  blocks  first  obtained  are  evi- 
5J«ntlj  the  most  free  from  impurities,  and  those  taken  fr«:)m  thaj 
^ott<Dm  of  the  pot  are  so  mixed  with  other  metals  as  usually 
Require  to  be  a  second  time  heated  in  the  reverberatory  fiimace 
^hich  the  reduction  of  the  ore  is  effected. 

Tlie  operation  of  refining  occupies  about  five  hours ;  of  which 
«r>,.   ;^  required  to  fill  the  basin,  three  for  the  boiling  of  the  metal 
LTeen  wood,  and  one  for  the  subsidence  of  the  bath  and  the 
XTi8tui(^  into  blocks. 

IiiBtend  of  causing  an  ebullition  of  the  metal  by  the  introduc- 
tirnj  uf  billets  of  green  wood,  the  same  effect  is  sometimes  pi 
durN'd  by  an  operation  called  tossing.  When  this  process 
employed,  the  agitation  is  caused  by  the  workmen  continually 
lifting  in  a  ladle  portions  of  melted  metal  which  they  let  fall 
from  a  considerable  height  into  the  refining  pot.  The  scum  thus 
brought  to  the  surface  is  carefully  removed  by  skimming,  and 
the  metal  afterwards  allowed  sufficient  time  to  arrange  itaelf  in 
accordance  with  its  purity  and  density. 

Tin  is  usually  cast  into  blocks  weighing  each  about  3cwt8. 
The  moulds  in  wliieh  these  blocks  are  cast  were  formerly  made  of 
granite,  but  cast  iron  is  now  generally  employed.  The  metal  so 
moulded  receiTes  the  name  of  block  tin.  The  purer  varieties  are 
called  refined  tin,  and  are  chiefiy  employed  in  the  manufacture  of 
tin-plate. 

The  treatment  of  tin  ores  gives  rise  to  two  distinct  kinds  of  etan* 
uiferous  residues,  whicli  require  to  be  again  reduced*  The  first  of 
these  consists  of  the  slags  6  and  c  of  tlie  first  operation ;  and 
the  second,  of  the  temigiiious  dross  found  at  the  bottom  of  the 
ftiraaoe  after  the  liquation  of  the  crude  tin  previous  to  refining. 

The  alag,  by  is  stamped  in  a  mill  and  washed,  in  order  to  efiect 

the  aeparation  of  the  metallic  globules  which  it  contains.     These 

■n  added  to  the  scoriae,  p»  in  the  state  in  which  it  is  withdrawn 

,  the  furnace;  and^  on  being  agiun  smelted,  ^\^%  x^s^Nx^ 
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(ed  liT  rvpote  into  hivera  of  different  degrees  o(  parit]^ 
brmed  on  the  surface  of  the  first  basin  were  remoredi 
intir  hardened,  and  then  divided  into  two  classes  for 
remtment.     Those  containing  metallic  globules  were 

waahed ;  whOst  those  which  retained  the  tin  in  the 
billed  oxide  were  simply  broken  with  a  heavy  hammer, 
1  to  A  cirefol  handpiddng.  The  tin  forming  the  upper 
'  bttsin  was  oonsidered  sufficiently  pure  for  the 
and  therefore  laded  into  the  third  receptadev 
ibjeeted  to  ebullition  bj  the  introduction  of 
W€»od,  and  siibsequentlj  dipped  out  into  moulds, 
rhich  sunJk  to  the  bottom  of  the  recei%-ing  baain,  was 
out  to  be  a  second  time  passed  through  the  furnace ; 
iffy  impure  metal  was  obtained  by  the  first  operation, 
large  was  sometimes  so  treated, 
ng  pot  was  usually  made  of  cast  iron,  and  kept  warm 
re  placed  beneath  it. 

les  of  Erxgebirge  in  Saxony,  a  blast  furnace  of  about  ten 
t  (figs.  160  and  161) 
l%e  sides  of  the 
re  formed  of  large 
mite ;  and  the  scSo 
i  block  of  the  samo 
wn  into  the  proper 
lying  a  coDsiderable 

the  breast  of  the 
rhe  fused  matters 
im  this  cayity  flow 
into  the  exterior 
©ption,  by  hollowed 
iss  of  granite,  and 
mixture  of  clay  and 
larcoaL  This  \wim 
with  a  tapping-hole, 
a  contents  may  be 
Irawn  into  the  small 

c.      The    charcoal 

are  introduced  by 
larges,  and  the  com- 
loelerated  by  a  blow- 
,  of  which  the  nozzle 
i  by  the  aperture,  o. 
roduced  float  on  the 
le  metal  collected  in 
^^  from  which  thef  y^ 
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are  removed  by  an  iron  crook  m  »oon  aa  ther 
ciently  consolidated.    When  the  reserroir,  6^  bts  in 
come  filled  with  metal,  the  tappmg-hole  ia  opened,  uid  tta 
tents  are  run  iotq  the  ve«iel,  c,  where  the  process  of 
conducted  by  a  vigoroue  ebullition  induced  by  the  uje  of  1 1 
pole  of  green  wood^  and  the  subsequent  subiidence  of  tbe 
posaeaaing  different  degrees  of  purity.     The  sliigs  are  diTided) 
two  classes :  the  richer  ore  without  any  mecluiiiical  pi 
fuaed  with  the  succeeding  charges  of  ore ;  attd  tbe  poorer 
after  being  stamped,  are  wEushed,  for  the  purpo«e  of  aepa 
inetalUc  granules  which  they  invariably  contain.    The 
combuatioii  are  carried  off  by  the  chimney  h. 

In  working  with  the  reverberatory  furnace  1^  ton*  of  coibj 
COEBUnied  for  every  ton  of  tin  produced,  and  the  loes  of 
be  estimated  at  about  tive  per  trent.     By  this  process  eretr  i 
tin  smelted  requires  for  ita   reduction   l^th  tons  of  d 
whilst  the  per-centage  loss  of  metal  in  three  times  greater. 
this  it  is  evident  that  the  former  is  by  far  the  more 
method  of  treatuient,  although  the  metal  obtained  from  the  bl 
house  is,  partly  from  the  greater  purity  of  the  ore,  and  parUyl 
the  supenor  nature  of  tho  fuel,  of  oetter  quality  than  that  al^ 
by  the  other  process. 

Grain  tin  i8  prepared  by  heating  blocks  of  that   metal 
bath  of  melted  tin ;   and,  when  the  temperature  has  beea  i 
cieutly^  elevattnl  to  cause  the  block  to  assume  a  crystalline 
turCj  it  ia  withdrawn  from  the  bath,  and  broken  by  a  blow  fro©* 
heavy  hammer. 
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ZINC. 

Equiv.  =  32-52.    Density  =  70. 

[orOH  tbe  ores  of  zinc  have  probably  be<?n  employed  from 
>te  antiquity  for  the  purpose  of  convurtin^  coti[j«.t  iiitu  bni«§, 
^  metal  itself  does  not  appeur  to  have  boen  Known  in   this 
Huitfy  prior  to  the  commencement  of  the  siJEteeotli  ceiitury ;  as 
0  find  it  lirat  mentioned  by   ParacelBUs,  who  difd  in  the  yew 
580.     Its  colour  is  bkieiah-wiiite,  and  when  reeeutly  hniken,  it 
fe»ents  a  yerj  briliiant  crystalline  surfaee.     At  ordiuury  torn- 
Gsraturea  zinc  is  a  rather  brittle  metal,  but  wben  heated  to  between 
l2°  and  900*^  it  becomes  both  ductile  and  malleable.     When  tho 
ttt  is  inereaaed  to  about  450°  it  ia  again  brittle,  and  may  at  this 
topemture  be  readily  pulverised  in  an  iron  mortar.     Zinc  fueK'B 
k  about  773°  Fahr.,  and  when  nlowly  cooledj  exhibits  u  highly 
tOLellar  and  crystalline  texture.     The  zinc  of  conimeree  is  never 
IteDiically  pure,  but  is  invariably  contanuTmted  by  vari<ju»  othfif 
»etalfl,  such  as  lead,  cadmium,  iron,  and  cupper :  it  may,  howevor, 
9  obtained  in  a  state  nearly  approaching  to  purity  by  the  follow* 
Iff  proceas : — A  fraj^ient  of  tae  purest  commercial  mw  in  dis* 
Wved  in  dilute  stdphuric  acid,  and  in  the  Holutlon  is  plact^d  a  tilip 
^  the  same  metal,  which  is  allowed  to  rimiaiu  for  eonie  houTB. 
be  liquid  is  now  filtered,  decomposed  by  carbonate  of  potassh,  and 
te  precipitate,  afber  beinf^  well  washed,  m  heated  w'ith  powdered 
larcoal  in  an  earthen  or  iron  retort.     The  zinc,  which  i»  volutilo 
A  white  heat,  is  thus  distilled  over  into  a  vcHsel  of  water  placed 
tneath  for  it»  reception;  but  care  must  be  taken  that  the  neck 
'  the  retort  be  short  and  wide,  as  it  wLU  otherwise  be  liable  to 
K»me  choked  by  an  accumulation  of  the  condenaed  metal. 
When  a  brilliant  surface  of  clean  and  polished  dne  ia  exposed 
dry  air,  it  remaina  unchanged  at  coiiimon  tempcraturea  ;  in  ii    ^ 
mp  atmoaphero,  on  the  contrary,  it  is  speedily  tarnished,  and    H 
on  acquires  a  grey  colour  from  the  fonnation  of  a  superficial    ^ 
iitin^  of  Glide.     When  heated  in  contact  with  air  at  a  tempera- 
re  fluperior  to  that  of  ita  point  of  fusion,  it  takea  fire,  and  burns 
th  ao  extremely  vivid  white  flame.     The  bnlliaticy  of  this  flam© 
El^d  by  thiL-  combustion  of  metallic  znic,  which,  ^v'.n^  rise  to 
^^ution  of  oMdv  of  nnc,  the  fores  rmct,  or  nihilum  album  ' 
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the  early  chemists,  a  body  perf'et'tly  fiied  at  aH  teTup^rtitTiTW, 

becomes  heated  to  whiteness,  and  tmis  cnmmuniGatPH  to  the  " 

its  peculiar  intensity  of  colour.  Oiide  of  zinc  obtainrd  hf  t|H 
means  is  largely  employed  when  ground  with  oil  as  a  pi^eciti^| 
lieu  of  white  lead,  and  feom  its  perfect  whiteness,  as  weU  as  fi^f 
the  circumatanee  of  its  not  becotniug  hlaekened  by  sulpbonMH 
hydrogeii,  it  ia  for  many  purposes  to  be  preferred  to  the  diifin^| 
preparations  of  the  former  metal.  " 

Zinc  in  dissolved  in  hydroehloric  and  dilute  sulphuric  adds  vitE 
evolution  of  hydrogen  giia ;  the  action  of  these  acids  is  mort 
energetic  on  ordinary  commercial  zinc  than  on  that  which  ii  di^ 
mically  pure.  Thia  metal  deeonipoaes  water  with  the  forniatioo 
of  oiide  of  zinc  and  evolution  of  hydrogen  gm.  When  the  one 
is  in  a  state  of  fine  division^  this  reaction  commences  at  a  MM 
perature  slightly  superior  to  212°,  Zinc  is  likewise  soluble  nH 
the  liberation  ot  hydrogen  gas  in  boiling  solutions  of  potash  «w 
Bada :  in  this  c^se  the  oxide  of  zine  formed  acta  na  a  metallic  acid,  aad 
combines  with  the  alkaline  base,  forming  soluble  saltfl.  li^  at  tlie 
same  time  that  the  zinc  is  inserted  in  the  alkaline  sfthitinn»  i  ilip 
of  iron  be  plai'ed  in  contact  with  it  in  the  same  1 ;  ti^eaof 

position  of  water  may  be  readily  ctFected  at  ordiuu!;  ,  >  ratii«»i 

HB  in  this  case  the  zinc  alone  ia  attacked,  whilst  the  iron  mes^ 
serves  aj*  the  negative  elemeut  of  a  voltaic  pair  by  the  actioo  of 
which  these  decompositions  are  much  facilitated.  From  the  oiidrt 
of  antimony,  arsenic*  tellurium,  bismuth,  cadmium,  tin,  l«5ad,  ird^ 
cobalt,  nickel,  copper,  mercury,  silver,  gold,  platiuum,  ^>alladi|M 
rhodium,  iridiuni,  and  osmium,  dissolved  in  acids,  zinc  withdi^f 
all  the  oxygen,  and  precipitates  the  metab,  whilst  it  is  it«itdf  S 
solved  in  the  acid  m  the  form  of  an  oiide,  and  give*  riiie  to  • 
formation  of  salts  of  zinc. 

Prom  some  of  the  higher  oxides,  when  dissolvtHi  or  diifttted  tJX 
acids,  it  withdraws  only  a  part  of  their  oxygen,  and  rtniui'^ett  ibtfA 
to  the  state  of  protoxides. 


OBKB  OF  znrc 

Zinc  usually  occurs  io  combination  with  either  sulphur*  oi^gHb 
carbonic  acid^  sulphuric  acid,  or  silica,  and  is  also  ocoMoailfar 
found  associated  with  alumina,  as  in  n  variety  of  the  specifet  tjmaJL 
Before  the  blowpipe  the  ores  of  zinc  are  almost  comph-tw  in- 
fusible, but  when  strongly  heated  on  a  charcoal  support,  give  off 
with  greater  or  less  facility  white  fumci  of  oxide  of  xmc^  wludk 
»ixt  condensed  on  the  cooler  parts  of  the  charcoal. 

The  zinc  of  cotnmctee  \a  c\ivt?L^  c^a^Wi.\i^'ivnfik\Vft 


0B£«  ov  zncc. 

and  silicates  of  this  metal,  and  tometimes-,  althondii  more 
HT^  from  the  oxide  and  the  natire  Bulphuret  or  blende.     The  ore« 
^nc  occur  either  in  veins  traverBing  primitive  or  tranaitioii 
or  in  floors  and  stockwerks  in  the  more  recent  formations, 
first  mode  of  ocxnirrence  i»  by  far  the  most  frequent,  but  the 
recent  deposits  are  generally  the  mo8t  productive. 
4  •%!«€  of    Zinc  ;     Zi»c    oxyde  ferri/ere ;    Zinkoxyd. — Red 
t«  of  lime,  although  rarely  occurring  in  the  crptalline  form, 
8<>metime»  been  met  with  in  cr^'stals  derived  from  the  right 
fJinhic  prism.     It  is  found  at  Sparta  in  New  Jersey,  where  it  iv 
^***ociated  with  franklinite  and  carbonate  of  lime. 

According  to  an  analysis  of  Berthier  this  mineral  if  composed 
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Oxide  of  iron  and  red  oxide  of  manganese    .       12 
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Its  specific  gravity  varies  from  5*4  to  5*5 ;  it  has  an  adamantine 
lustre,  and  aftbrda  when  scratched  an  orange-jellow  streak.  Its 
(Xilour  is  red  of  various  hues,  eonietimea  inclining  to  yellow;  it 
jjuFsesses  two  diatinct  cleavngea  at  an  angle  of  120^,  is  brittle,  and 
presents  a  conehoidal  fracture. 

Alone,  before  the  blowjiipe,  this  mineral  is  infiiaible,  but  with 
the  addition  of  borax  a  yellow  transparent  glass  is  obtained.  Its 
Burfat^e  becomes  dull,  and  ultimately  white,  by  exposure.  When 
acted  on  by  nitric  acid  it  dissolves  without  effenTscence. 

Bed  oxide  of  zinc  is  miaed  in  large  quantities  in  the  locality  in 
which  it  ia  chiefly  found,  and  constitutes  a  valuable  and  abundant 
source  of  that  inetal.  A  specimen  of  this  mineral,  of  extreme 
purity,  and  weighing  16,400lbs.,  was  forwarded  to  the  Great  Exhi- 
bition of  1S51. 

aulpliiiret  of  Xlnc;  Zinc  ^uffurS  ;  Blend f.,  —  Thia  mineral 
occurs  either  maasive,  or  in  dodecahedrons,  octahedrons,  and  other 
allied  fomi»-  It  admits  of  six  distinct  cleavages  parallel  to  the 
faces  of  the  dodecahedron,  and  when  scratclied  aflbrds  a  streak 
varying  from  white  to  reddish-brown.  In  eolour  it  varies  from 
resin-yelluw  to  dark-brown  or  black,  and  specimens  having  a  green 
or  red  tint  are  occasionallv  met  with.  Its  lustre  ia  waxy  or 
peeinous,  and  when  recently  broken  a  brilliimt  and  frequently 
fubmetaUic  surfjice  is  obtained.  Specific  gravity  4"0  to  -ll.  Some 
fpecimena  become  electric  by  friction.  This  ore,  particularly 
when  oi  a  dark  colour,  frequently  contains  sulphuret  of  iron,  and 
the  red  variety'  is  Bometinies  associated  with  from  1  to  2  per  cent. 
Bulphuret  of  cadmium.  When  heated  alone,  or  "w\t\i  \.\ift  bM^Vawv 
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re  the  blowpipe,  it  ia  infiisible 
support  18  employed  it  yields  wliite  fiimes  of  oxide  of  zinc 

Blendo  occurs  in  rocka  of  all  aeea,  and  is  generally 
with  the  ores  of  lead,  as  alao,  though  less  frequently,  with 
iron,  copper,  tin,  aud  ftilver.     The  blende  found  in  this  < 
from  the  amount  of  sulphuret  of  iron  which  it  contains, 
B  dark  colour,  and  hence  caOed  Black  Jack  by  English 
This  aidphuret  is  found  abundantly  in  Cornwall,  Cum" 
Derbyshire,  aa  well  as  in  Transykania,  Ilxmgary,  and  the 

A  transparent  variety  of  a  bright  yellow  colour 
boumonite  and  fahlerz  at  Kapnick  in  Transylvania 
bcautilul   BpeciiiienB   of  an   oUve-green  tint   are   p: 
Scheiiinitx  in  Hungar\^;  whilst  Sweden,  Bohemia, 
are  famous  for  the  brilfiant  brown  and  black  ciystals  they 

The  zine  and  sulphur  of  which  this  mineral  ia  comi 

t combined  in  the  proportion  of  1 : 1,  and  its  composition 
sequently  be  eipressed  by  the  ibrmula  ZnS. 
Two  analyses  of  this  substance  from  different  localitie« 
to  Berthier  and  Arfwedson  the  following  results : — 
Sulphuret  of  zmc  in  cryatala.              lAmdlar  from  I 
Arfw^BOD.  Berthier. 

Zinc  ,  .  6634 615 
^  Iron  .  ,  00 40 
■           Sulphur    .    33-66 330 


100-00  98*5 

Prom  the  difficulties  experienced  in  its  metallurgic 
this  mineral  ia  but  sparingly  employed  as  an  ore  of  tine,  altk 
when   roasted   carefully   it    reiiiily    yields    by  distilUtic  " 
powdered  chareoal  the  metal  which  it  contains. 

Carbonate  of  Zinc ;    Calamine ;   Zinc  carbonate  ;  Zit 
This  subBtance  is  found  in  crystals  in  concretionated  and 
masses,  and  in  pseudomorphic  forms.     When  pure,  its 
yellowish-white;   but  when  much  contaminated  with 
frequently  bro^Ti  or  reddish -brown. 

Its  lustre  is  vitreous,  incUning  to  pearly ;  streaky  whi 
d^vage  parallel  to  the  faces  of  the  rhombohedron,  whicl 
primitive  form.  Specific  gravity  from  43  to  4'45.  Si 
who  analysed  two  apecimena  of  this  mineral  from  "^  ^ 
found  them  to  contain — 

I. 
Oiide  of  zinc     .     .     .     65*20    ...    64* 
Carbonic  acid     .     .     .    84S0    .     .    .    35*36 


\^'<^ 
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numbers  correspond  to  the  composition  represented  by 
ItiuJa  ZuO,  CO3.  It  13  soluble  in  acids  with  the  evolution 
(onic  acid  gaa,  and  when  stnin^ly  heated  befui'u  the  blow- 
Irbonic  acid  is  eliminated,  and  oxide  of  zinc  remiiins.  This 
of  the  rao8t  important  ores  of  zinc,  and,  together  with  the 
twith  which  it  is  invariably  asaociated,  is  extensively  treated 
metal  it  contains.  A  compact,  fibrous,  aemi-tniosparent 
I  of  this  mineral,  of  a  pale-yellow  colour,  and  disposed  in 
fcric  laniini?,  occurs  at  Alston  !Moor  m  Cumberland,  where 
pud  associated  with  blende  and  galena  in  a  caltnirt^ous  rock, 
pwise  abundant  in  Derbyshire,  as  also  in  Siberia,  Hungary, 
^Ca^inthJa,  and  near  Aii-la-Chapelle,  m  well  as  in  many 
f  the  United  Statoa  of  America. 

^te  lif  xinc ;  Electric  Calamine ;  Zinc  QXHdt  siiicifere ; 
)a, — lliis  mineral  was  for  a  long  time  confounded  with 
He  of  zinc,  although  they  differ  materially  from  each  other 
I  their  chemical  and  pliysical  properti*?^.  iSilirate  of  zinc 
atalactic,  mammillatea,  botrvoidaL  and  massive,  and  alao 
Used  iQ  forms  derived  from  the  right  rhombic  prism. 
^ual  colour  is  white,  b\it  blue,  green,  yellow,  and  brown 
bns  are  occaaioimlly  met  with.  This  substance  may  be 
jfcransparent  or  opaque,  but  has  a  vitreous  lustre  and  whito 
Specific  gravity  3  3  to  3"6.  Fracture  uneven.  CrystajB 
mineral  when  heated  become  electric,  and  the  same  effect 
times  produced  by  friction  alone*     It  consists  of- — 


From  Linibourg. 
Bertliier. 


From  Altenljerg, 
Berwlios. 


Oxide  of  zinc  .  06  0 
Silica  ....  25.0 
Water      ...      90 

1000 


6037 

26  23 

740 

10000 


i  peaulta  indicate  this  body  to  be  composed  of  two  atoms 
Ite  of  zinc  united  to  one  equivalent  of  water,  and  its  con- 
tt  will  consequently  be  represented  by  the  formula 
,  8iO0  -t^  HO.  This  is  a  valuable  ore,  and  is  commonly  aa- 
.  with  the  i-arbtmati?  of  the  same  oxide  iu  veins  coutaming 
iron  and  lead*  together  with  the  sulphuret  or  ^iuc  blende, 
irableqniwitities  occur  at  Bleyberg  and  llaibel  iu  Carintbia, 
t  Fre}bt'rg  iik  Bri»gau,  at  Rt^zbanya  in  Hungary,  Tarnowitz 
ajid  Altenberg  near  Ai.v-la-Chapelle.  Concentric 
1  groups  are  also  found  in  the  Jlcndip  Hills,  and  at  Wan- 
in  DuinfrieHshire  j  pseudomorphous  crystds  of  the  same 
occur  in  some  parts  o£  Derby  akire,  aaid  ivl  ^c\\^TaMaiVL\i^ 


^^H  wafi/ 
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Hungary.     Before  the  'blo'vqnpe  it  decrepitates,  inttmifrsrv*.  ainl 
loses  its  transparency*    Wbeu  reduced  to  tine  powder,  it  ; 
ill  liydmchloric  imd  sulphuric    acids  when  gently  heat*?^,,  .,  . 
cooling  tlie  wilica  \b  deposited  in  a  gelfttiuoua  state. 

Sulpliate  of  Zinc  is  not  found  in  Bufhcient  quantity  t 

rded  lis  an  oi-e  of  zinc.     It  is  commonly  associated  wit^ 
the  oxidation  of  which  it  is  supposed  to  be  produce<l  ;  «»  :»• 
soluble  salt  of  a  wliite  colour.     It  oeenra  at  Holyift-eU  in  W«le^ 
in  the  Hurtz,  at  ralilim  in  Sweden,  and  Schemnitz  in  llongarf. 


ESTIMATION  OF  ZINC — BHPAEATION  FBOM  OTHliB  KTETAXJ. 

For  the  purposes  of  analysis,  ainc  is  commonlr  weighed  ii!  ^ 
state  of  oxide.     K  the  solution  of  oxide  of  zinc  is  free  from 
mixture  ofaunnooiaeal  salts,  carbonat-e  of  soda  may  he  at  on- 
and  the  liquor  briskly  boiled  until  the  whole  of  the  carh 
zinc  has  been  precipitated.     This  is  afterwards  collected  oi 
washed,  and  after  being  allowed  to  djy,  calcined  in  a  j 
crucible  for  the  purpose  of  expelhiig  the  ctarbonic  a*!*! 
the  contrary,  atninoniacal  salts  are  present,  it  is  n* 
these  should  be  first  eliminated  by  the  addition  of  a^  .^.,  .,  ._ 
carhtmate  of  sodtv,  aud  subsequent  evaponition  to  dryni*»s.    Tb$ 
dry  mass  is  then  treated  with  boiling  distilled  water,   aud  tfc> 
precipitated  carbonate  of  zinc  separated  by  tiltmtion. 

Oxide  of  zinc  may  bo  separated  from  peroxide  of  iron,  w^  '^  •'- 
latter  is  in  large  excess,  by  the  supers  a  tu  ration  of  the  li 
ammonia.     When  thus  treated  the  oxide  of  zinc  remains  ti       ^ 
tiou,  whilst  the  peroxide  of  iron  is  precipitated^  and   un  -:    '' 
thrown  on  a  filter  and  washed.     ^y\er  having  scparaU^d  i 
from  the  solution   by  tiltration,  the  zinc  is  obtained  by 
ditiou   of  an   excess   of  carbonate   of  soda   and   evapor. 
dryness.     This  method  of  separation  is,  however,  only  «[ 
in  cases  where  small  quantities  of  these  bodies  are  to  bt*  »ii  , 
aa,  when  considerable  weights  of  the  mixed  OTidei^  are  In 
with,  the  oxide  of  iron  invariably  retains  a  n  ;  nac- 

Under  these  circumstances,  succinate  of  am  l>j  ita* 

ployed,  care  being  previouMly  taken  to  *uid  to  the  sulutkOQ  i 
Bumcient  amount  of  caustic  anuuonia  to  determine  tho  ppocipi* 
tatiou  of  a  small  portion  of  the  oxide  of  iron. 

Eine  may  be  separated  from    copper  by  passing  throQgli  tiidf 
acid  solution  a  current'  of  sulphuretted  hydrogf u  ga«,  by 
ill-.  3  ittHf  is  precipitated. 

rst  method  of  fte\><weulm^tlMS  oxides  of  zinc  an 
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tion  a  consideruble  amotrnt  of  fi^ee  acetic  acid :  fiulpburetted 
ydro^en  gas  is  now  pai^aed  tliroiigjli  the  eohition,  aud  the  zinc  ia 
precipitated  in  tlie  form  of  sxilplmret,  whilst  m  the  preaenco  of  the 
&ee  acetic  acid  the  manganese  is  retained  in  solution. 

Oxide  of  itinc  is  separated  from  lead  either  by  »  euTTCnt  of 
|ivdro«n]phiiric  acid,  aa  in  the  case  of  copper,  or  by  adding  to 
tneir  Bolution  in  acids  sidphuric  acid,  or  an  alkaline  sulphate,  wiien 
Bulphate  of  lead  of  a  white  colour  wili  be  precipitated. 

Tlie  separation  of  oxide  of  zinc  from  alumina  ia  effected  either  by 
their  solution  in  an  excess  of  caustic  potash,  imd  the  precipitation 
the  zinc  by  sulphuretted  hydi-ogen,  or  by  converting  them  both 
acetates,  when  the  same  reagent  causes  the  precipitatioii  of 
tine  in  the  form  of  sulphuret. 

separate  oxide  of  zinc  from  magnesia,  a  guffieient  quantity  of 
ride  of  ammonium  to  prevent  the  formation  of  a  precipitate  on 
addition  of  ammonia,  is  added  to  the  solution.  AVhen  the 
or  is  strongly  acid  this  precaution  may  be  omitted,  and,  on 
ing  a  current  of  sulphuretted  hydrogen,  a  precipitate  of  sul- 
tiret  of  zinc  at  once  takes  place.  The  filtrate  Iroiu  the  zinc 
cipitate  is  afterwards  rendered  acid  and  evaporated,  and  from 
magnesia  nuiy  he  sepanited  by  the  usual  method, 
is  separated  from  oxide  of  zinc  by  first  rendering  the 
liquor  ammoniacal,  and  afters  ards  prceipitating  the  lime  by  oxalate 
of  ammonia.  The  zinc  is  obtained  i'nmi  the  filtrate  by  the  addition 
nf  carbonate  of  soda  and  evaporation  to  drynesi*.  On  treating  the 
hMidue  with  boiling  water,  the  carbonate  of  zinc  remains  iindia- 
Solved,  and  is  converted  into  oxide  by  calcination  at  a  high  tern- 
tixre  in  a  porcelain  crucible.  Every  llM>  parts  of  the  oxide 
obtained  correspond  to  50' 26  parts  of  metallic  zinc. 


ASSAY  AND  AFALY8I8  OF  THE  OEES  OP  ZIFO. 


le  estimation  of  the  amount  of  zinc  contained  in  an  ore  of 
metal,  is  by  the  dry  way  a  ver}'  troublesome  and  uncertain 
ition,  as  the  zinc  which  it  contains,  from  being  extremely 
and  Bubject  to  oxidation  at  high  temperatures,  cannot  be 
led  in  the  mnn  of  a  button  as  is  the  case  with  the  metals 
>re  described,  and  must  therefore  be  distilled  and  again 
*  in  proi>eT  receivers,  or  its  weight  most  be  calculated  from 
experienced  by  its  ores  when  subjected  under  i^ertain 
mcea  to  an  elevated  temperature.  Berth ier,  who  has 
imerous  experiments  on  this  subject,  divides  all  bodi^% 
tig  zinc  ciipablti  of  being  assayed  by  \\\^  dry  vjtin  S3E!vW  ^}wi 
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1st.  Thoee  in  which  the  metal  exists  in  the  form  of  on^  0^1 
oombittetl  with  silicic  acid.  I 

2ntl  Ores  of  zinc  in  which  the  metal  is  present  aa  oxide,  wklM 
or  in  port  combioed  with  silicic  acid.  I 

8JkL  Zinc  ores  in  wliich  the  Hiatal  ia  whoUf  or  in  part  ocmiVimil 
wikk  sulphur.  1 

41k.  Alloys  of  adnc. 

To  n'duoe  the  oxide  of  Einc  contained  in  minerals  of  ihr  fir* 
€!■«»,  it  18  only  neceasiiry  to  iiiix  theui  with  powdered  chan'^iil  ] 
9mA  expose  them  lor  a  sufficient  time  to  a  white  hent.     The  iin-ti 
Iksft  ODtained  is  at  the  mojticnt  of  its  reduction  converted  ijr.<i 
llpour  readily  condensible  in  proper  receivers,  and  if*  th»ht'>nr, 
Ibe  operation  be  conducted  m  an  earthen  retort,   with  a  1  .h*; 
b(«k  Kept  properly  cooled,  the  whole  of  the  metaUie  xinc  uiar  he  | 
coQocted  and  weighed.     To  do  tkia  the  neck  of  the  distillataiT  | 
Apparatuts  must  be  broken  off,  and  its  liniu*^  of  metaUic  zint  -Mr»^ 
(uuy  detached  :  but  this  method  of  estimation  is  from  tw*o  di-t  .j-t 
eauscs  liable  to  be  inexact.     The  first  of  these  is,  that  the  nu.t^l!w- 
deposit  is  extended  over  a  lart^e  surtace,  and  is  frequenily  •rrr 
difficult  to  detach  completely  from  the  aides  of  the  retort  to  whwi 
it  timily  adheres ;  and»  secondly,  aa  the  neck  of  the  retort  in  C'pcn  J 
during  the  operation,  all  the  vapoiu-  which  approac^hea  nearoit  to  j 
llie  orifice  becomes  converted  into  oxide.     The  removal  of  the  m^  ' 
MLic  crust  from  the  interior  of  the  neck  is  much  facilitated  by  Ue 
application  of  a  little  plumbago  previous  to  the  introduction  •  'f  the 
charge.     ^X  hen  the  beak  is  not  of  itself  sufficiently  long  for  ihi 
complete  condensation  of  the  xinc^  a  piece  of  glass  tube  may  raw%  ^ 
be  adapted  so  as  to  lengthen  it.     It  the  coating  adheres  ao  finnif 
as  not  to  admit  of  complete  removal,  that  which  remains  attacMt 
to  the  retort   may  be  dissolved  in  nitric  acid^  which,  on  htXBg 
evaporated  to  dryness,  and  calcined,  yields  a  certain  amount  m 
oxide,  four-fifths  the  weight  of  which  must  be  added  to  that  of  the 
metallic  zinc  scraped  from  the  fragments  of  the  broken  retort. 

Instead   of  operating   in  this   way,  an  approximation  to  tie 
quantity  of  zinc  contained  in  an  ore  may  be  obtained  bv  heatiag 
it  together  with  proper  fixed  fluxes  in  a  lined  crucible  at  tt 
temperature  of  an  iron  assay,  and  afterwards  judging  of  the  amouoil 
of  zmc  present  from  the  loss  of  weight  experienced  during  til* 
operation.     The  resulting  button,  which  is  a  mixture  of  alag  ifid 
granules  of  cast  iron,  ia  lirst  weighed  without  being  brok+>"  *'*'l 
after  crushing  it  in  an  iron  mortar  the  metallic  shot  are  r 
bv  a  magnetic  bar.     The  weight  of  these  is  next  ascertaii 
Vy  diflerence,  that  of  the  scoria  ia  readily  found.     The  wt 
tfee  oxygen  lost  by  the  iron  during  its  reduction  ia  now 
culaUon  addfi^  ^ki^^  ^^  ^M\y\sTic\\\i3^  i\wi  product  of  tbaae 
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nvunbers  from  the  amount  of  flux  and  mineral  employed  we  im- 
mediat^ly  get  the  weight  of  the  volatilized  zinc. 

By  deducting,  on  the  other  hand,  the  weight  of  the  fi^ed  flux 

used   from  that  of  the  sliit'  obtained,  the  weight  of  the  earthy 

^^   r  and  uoredueibk*  oxides  aaaodated  with  the  one  of  zinc  may 

rtved  at  with  a  tolerable  degree  of  precision. 
1  iicik?  reflulta  have  been  expressed  by  Bertluer  iu  the  following 
Ukbiilar  form  :  — 

'  t  W  be  the  weight  of  crude  ore,  and  w  that  of  the  ore  after 
LitioQ:  /  the  weight  of  the  llux  added ; /the  weight  of  the 
iron  found;  s  the  weight  of  slag ;  o  the  wtight  of  oxygeu 
lied  with  the  iron ;  and  s  the  weight  of  the  oiid©  of  ginc 
it, 
1  K  a  we  have — 

W  crude  ore  =  ealeined  do.  =  to 
t  ftxed  fluxes  added    ...         t 


Gives  Metal 


Flux  added  t 


to  -f  t 
Slag      {I  Total/..}/ 
Oxygen  o  )  Oxide  of  zinc  w  -^  t  -  f 


+  *  +  0 


Earthy  matters  s  —  t. 
•wi  of  tiie  »«€«nd  ciasn. — The  eilicatea  of  zinc  not  being  re- 
ducible by  charcoal  alone,  require  the  addition  of  some  fliLx  capable 
of  eombiuing  with  the  wdicie  acid  present.  For  this  jnn-pose  lime 
or  magTiesia  may  be  advantageowslv  employed,  and  the  orea  are 
4liea  treated  precisely  like  those  befonging  to  the  first  class. 

Tlir  A«iiBlr  of  Orrn  itelonsrlnK  tii  tlie  Third   tlasM  is  eondoeted, 

the  removal  of  t)ieir  sulphur  by  a  careful  roasting,  precisely 

those  of  the  tirst  and  second. 

9to«rtb  ciaB8.    Aiioyn  of  zinc  with  iron,  copper,  or  tin,  may  be 

iayed  by  heating  them  in  a  lined  crueible  with  an  earthy  flux, 

linA   weighing  the  resulting  button :  the  loss  experienced  will  in 

Lse  ver>'  closely  approximate  to  the  amount  of  metallic  stine 

(lly  present. 

..ii>»t«  fir  aiiie  •!•«•,— Carbonate  of  zinc  may  be  analysed 

following   process: — To  nseei*tain  the   amount  of  water 

it  cotUaina,  a  weighed  quantity  is  heated  in'  a  short  eoni- 

ri  tube,  to  whieh  a  cldoride  of  cah'iura  tube  is  attached; 

'.he  increase  of  weight  expeneueed  by  the  latter  representB 

lilt   of  wattT   contained    iu   the   qu  mtity   of  ftviVieXvwwie 

'11-     Anolht.'r  ivei^'hed  quantity  of  the  iu\uem\  \a  wtv"* 

fcUut4jl>  belted  in  a  pktiutaa  crucible :   the  loaa  ex^^ietVttTiCC*^  Vu 
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tbi!*  case  eont^ponda  to  the  united  weigbte  of  watcT  Mil 
acid  rontaiiied  in  tbe  ore.     By  deducting  the  first  of  thar  j 
fi-uiii  tlie  second^  we  readily  ascertain  the  weight  of  tbe 
acid  originally  con^hined  with  oxide  of  zinc.     Either  ft 
tiou  of  ore,  or  the  residue  of  the  above  calcination,  is  die 
hvdiTM  hloric  ueid,  ovjiporated  to  drvne»s,  and  subsequentlj'j 
with  hot  water,  by  which  the  soluble  »alta  are  readik 
wbibt  ii  certain  portion  of  inaoluble  silica  which  rvmt 
lected  oi>  a  filter  and  carefully  washed.     Eicess  of  amniont 
added  to  the  filtrate,  and  the  precipitate  formed  separfttedi 
tion.  Th0  liquor,  which  in  this  stage  of  tbe  operation  passesj 
the  filter,  foutain*i  the  whole  of  the  oxide  of  zinc,  wt    ' 
&epnrated  and  estimated  with  the  precautions  already  dc 

When  blende  ia  the  mineral  to  be  examined,  it  may  bfrj 
treated  with  acjua  regia,  and  the  zinc  and  other  metals 
precisely  aa  when  a  carbonate?  has  been  operated  on.    A 
quantity  of  the  ore  must  be  attacked  for  the  estimation  of  i 
which  18  precipitatecj  and  weighed  in  the  state  of  : 
baryta. 

MKT.lLLtTBar  OF  ZXNC— EXOLtSE  PEOCE33. 


The  metallurgic  treatment  of  the  orea  of  zine  i» 
simple.  When  calamine  is  tbe  mineral  operated  on^ 
»ubinittcd  to  a  calcination,  by  which  it  is  rendered  fnabl6^] 
water  and  carbonic  acid  expelled.  The  roasted  ore  is 
reduced  under  heavy  cdgo-rumiera  to  the  state  of  fine 
and  miit'd  with  a  proper  proportion  of  charcoal  or  coal  dl 
which,  when  strongly  heated  in  earthen  retorts,  its  convereifl 
metallic  zinc  is  dett*rmiued.  The  reduction  of  the  oiide  in  d 
at  the  expense  of  the  carbon  present,  carbonic  oxide  gas 
and  the  metallic  zinc  liberated  is  condenaed  in  proi 
adapted  to  the  retorts  in  which  the  operation  is  coq< 
arrangement  of  the  apparatus  in  which  these  transfoi 
place  18  varied  in  ditfewnt  localities  in  accordance  with  thel 
of  the  minend  treated,  and  the  nature  of  the  fuel  eraplovi 

In  tljis  country  the  greater  part  of  the  zinc  works  are  a 
in  the  neighbourhood  of  Bristol  and  JJirmingham,  but  a: 
naces  are  also  found  in  the  vicinity  of  Shefiield. 
Birmingham  are  chiefly  supplied  with  ores  from  the  Mf 
and  Fiintiihire;  and  HiiefEeld  fi\im  the  mineft  of  Altton- 
Cumberland.     The  ore  niuiit  commonly  employed  is 


1  This  prooeu,  thoo^h  not  abiolately  ticetinttc,  it  •afki«ii(^v  «o 
purpostt. 
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»,  after  being  carefiilly  freed  from  galena  by  hand-picking, 

leaned,  before  its  introdiK^tion  into  the  smeltijig  apparatus, 

leing  exposed,   after  being   broken   into   a  coarse  powder, 

te  action  of  a  large  reverberatorr  fiimace  with  a  low  dome. 

ome  instancea  this  calcination  is  omitted^  and  the  calamine  is 

at  once  broken  into  fragments  of  the  size  of  hazel  nuts,  and 

Hi  with  its  due  proportion  of  Bmali  coals. 

imetimea,  though  more  rarely ^  blende  is  employed*     For  thi«. 

Mwe  it  is  broken  into  pieces  of  the  size  of  a  mbert,  and  roastedf ' 

her  preparation,  in  large  reverberatory  furnaces,  heated 

These  are  about  10  feet  in  length  and  7  in  width ; 

between  the  sole  and  roof  at  the  highest  part  being 

ibea,  and  the  height  of  the  fire-bridge  18.     The  blende  is  laid 

bottom  of  the  furnace  in  a  layer  of  from  3  to  5  inches  in 

icss,  and  is  constantly  kept  stirred  with  iron  rakes  during  the 

The  roasting  of  each  charge  occupies  from  10  to  12 

and  the  loss  of  weight  sustained  during  the  calcination 

s  to  about  20  per  ceut. 

process  employed  in  this  country  for  the  reduction  of  crw 
is  called  ditt illation  per  dtarernmm^  and  ia  conducted  in  a 
in  many  respects  very  similar  to  those  used  m  glass  houses 


162. 


_  ion  and  prepnration  of  glasf*.  These  furnaces  may  be 
iuare  or  round,  but  that  rcpreBented,  fig.  IG2,  and  which  is 
preferred,  has  the  Intter  form.  The  fire-place,  f,  ia  raised 
trenient  height  above  the  surface  of  tW  gcoxm^,  wA  > 
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situated  in  tbe  centre  of  the  arnmgement.  Aroand  tb»  are  i^ 
posed  the  cnicibles,  c,  into  which  is  charged  the  mixtucfe  of  Oftsl 
fine  coaJ  from  which  the  zinc  is  to  be  diatiUed, 

The  dome,  rf,  is  piereed  with  openings,  by  which  the  miiturri/ 
powdered  ore  and  coal  is  introduced,  corresponding  to  (^th  •'ni» 
cible,  and  the  bottom  of  each  pot  is  furnished  with  a  boh-  ? 
neot ion  with  an  iron  tube,  ^,  which  traverses  an  op*"  •* 
the  sole  of  the  furnace,  and  thus  projects  beneath  th< 
chamber  placed  immediately  below  it.     The  upper  lm 
tube  is  closed,  previous  to  the  introduction  of  the  « 
wooden  plug,  wliiclT  becoming  converted  into  chaperni 
operatioHj  is  rendered  sufficiently  porous  to  admit  of  1 1 
the  vapour  of  zinc,  but  at  the  same  time  prevents  the 
small  coal  and  calcined  mineral.     Each  crucible  is  err 
lid,  finnly  secured  in  its  plaee  by  a  lute  of  fire-clay,  arm 
metal  is  condensed  in  the  tube,  f,  and  falla  in  the  fon 
the  vessel  r,  placed  there  for  that  purpose.     As  the  • 
liable  to  become  choked  by  the  conaensed  metal^  it  is 
clear  them  from  time  to  time  by  the  insertion  of  a  1< 
since  they  might  otherwise  become  entirely  closed,  m 
rieo  to  dangerous  explosions.     The  zinc  collected  in  1 1 

in  the  fonn  of  drops  and  very  fine  powder,  mixed  \m 

portion  of  oxide,  is  afterwards  melted  in  a  large  iron  t^ii 
briclt-workt  and  heated  by  a  fire  beneath.    The  dioss  wbi' m 
on  the  surfa<.»e  of  the  fused  metal  is  skimmed  off  and  r. 
the  crucibles  in  a  succeeding  ojieration,  whikt  the  zin* 
into  rectangular  bars  or  bigots,  in  which  state  it  is  > 
market.     Five  distillations  may  be  made  by  a  furnace 
in  fourteen  days,  in  the  course  of  which  from  8  to  10  toi 
ore  are  treated^  and  from  20  to  25  tons  of  coals  eons 
metal  obtained  commoidy  amounts  to  from  35  in    1 
of  the  ore  treated,  and  the  duration  of  each  erucil ' 
hited  at  about  four  months.     The  potn,  when 
service,  are  removed  through  apertuivs  made  in  the  aarrui 
brickwork.     Before  being  set,  they  are  heated  to  redf* 
reverbnrntory  furnace,  ana  eaiTied  to  their  places  ' 
iron  pincers,  slung  in  eham.s,  and  siipportrd  by  a  : 
railway,  as  in  the  case  of  ordimiry  glajss-hnusr  pot 
their  places,  the  brickwork  is  repaired  and  a  ih> 
usual  way.     At  the  close  of  each  operation,  the  < 
charged  by  removing  from  the  bottom  the  4s»f, 
and  witlidrawing  the  residue  through  the  api 
with  a  rake  the  piece  of  chai*coal  h\  uhldi  if 
inr)<^e<«  of  dihtiuAlion.    T\\e  iw^ 

lot,  hoWDVBT,  40  elU^ll*\V0^v  ^ 


Uftf 


to  titote  onpioyed  lor 
conducted  ve  heated  Ir^  two 
I  md  proTidcd  viik  a 
hsm  the  hesrtk,  fld 

,  ammged  «lfcgak 

ai«  four  in 
torn  of  the  fwnmce'nn  two 
removal  of  the  roasted  ore 
and  more  intensolv  heated  paiti  €f 
f  cast  iron,  mclinc!l  at  an  aB^<if  4^»  dMiil 
of  ore.  and  fncilitate  it«  removal  IJifwgh  tlic 
liarged  by  the  mouth  of  the 

gmenta  are  so  mL\ed  together  m  UfMfkMfMmA 
me  oiUaipg  ^mnA  4» 


the  heated  air  and  fiame 
treatment  the  mineral  loaea 


» Ike  vWU  of  da  v^^^^il,' 
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larger  proportion  of  its  carbonic  acid.  The  loss  experieoofi^  ii 
per  cent.  The  fuel  employed  ib  ordinary  pit  coaL  Thtt  < 
ia  continuous,  and,  in  jproportion  as  the  roasted  ores  an? 
from  the  lower  part  ot  the  cone,  fresh  mineral  is  introdtiood  fcy < 
upper  opening,  around  which  ia  a  platform,  whore  a  supply  it ' 
gtantly  kept  in  readiness. 

The  roasted  ore,  after  ita  removal  from  the  kUn,  is  grounii 
heayy  edge-ninnera,  Bi^-d  throu^'h  very  fine  eieves,  anid  9tvt  teAi| 
furnace,  in  which  its  reduction  ia  elFected. 


168. 


164. 


The  reducing  apparatus  consiats  of  fltnr  (liHfnitt  ftinm 
In  on©  mass  of  brickwork.     Each  of 
recess,  a,  figs.  1C3  and  l(U,  whowe  /; 
above  the  surfnco  of  \W  ftw^T .   The  I 
of  a  brick  wall,  w\d  S»  t^^^W'j  md.... . 


cytn 
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^ed^iB^  on  the  coutrnry,  left  quite  open  for  the  introduction  of 
retortu.  The  fire-place,  f,  is  phiced  beneath  the  «urftt<!e  of  the 
nd,  and  the  flame  atid  heated  air  enter  the  interior  of  the  fur- 
ttaiCA*  through  four  apertures,  e.  In  the  arch  are  placed  two  «epa- 
vnie  dues,  u  a,  which  terminate  in  a  ceiitnil  ehiuiney,  f,  divided 
into  four  cornpartnieiits^  and  eloped  by  dampersi,  D,  corn'«ponding 
to  each  diduion.  In  eaeh  uf  these  furnaces  are  placed  42  cyliniiri- 
leal  retortfl,  r,  closed  at  one  of  their  extremities,  and  made  of  reirac- 
tory  clay.  These  are  3  feet  H  inches  in  length,  and  6  iuehea  in 
diameter  in  the  inside.  In  the  ojjcn  end  of  each  ia  iutTiiduced  a 
conical  adapter  of  caat-iran^  o,  10  inches  in  length,  and  on  this, 
which  forma  the  muuth  of  the  condensers,  U  Hfctc^d  a  cone  of  wrought- 
iron,  p,  of  which  the  smaller  end  does  not  exceed  an  inch  in  dia- 
meter. The  earthen  retorts  are  placed  in  the  fiimaee  in  eight 
lows  raised  one  above  the  other,  and  with  this  -view  the  hatik  wall 
'Of  the  oven,  a  ly  fig,  1*54,  is  furuifheduqtU  aw  many  suoceasive  steps 
or  projections,  on  which  are  auiiported  the  closed  ends  of  each  row 
of  tubea.  On  the  open  iace  ot  the  oven,  c  </,  are  arranged  eight 
phites  of  ca»t  iron,  which  are  fastened  in  their  places  by  beiiig  fiied 
m  the  masonry,  and  are  destined  for  the  support  of  the  outer  ends 
-of  the  retorts,  to  which  are  attacheil  the  adapters  already  described. 
^e  height  of  the  8t4^p8  at  the  back  of  the  oven,  and  that  of  the 
iron  phites  in  front  of  the  opening,  ia  *io  arranged  as  to  give  to  the 
retorts  a  alight  and  regular  iuclinatiun  downwards,  by  whicli  both 
the  diatiliation  of  the  metal  and  the  removal  of  the  residual  matters 
lire  much  facilitated.  Dnriug  two  months  the  tiring  of  a  furnace  of 
^ia  description  isi  continued  without  iiitenuission  ;  but  at  the 
piration  of  that  time  it  in  commonly  found  neccNHary  to  allow  it 
to  go  out,  in  order  to  repair  itn  iotenud  Uniug,  AVhen  a  new  fur- 
or one  which  has  been  recently  repaired,  is  first  liglited^  the 
&C0  of  the  arched  cavity,  a,  ia  closely  budt  up  with  brick*  or 
cntu  of  broken  retorts,  after  which  the  temperature  ia  very 
ittUy  raised  until  a  white  heat  has  been  attained.  At  the  end 
days  the  furnace  ia  considered,  under  ordinary  circum- 
«,  sutHciently  heated,  and  the  refractory  tubes  are  then  sepa- 
introduced  into  their  respective  phicea.  For  this  piwpose, 
>onu-y  stopping  of  bricks  and  broken  retorts  i»  gradimlly 
and  the  tubes,  which  have  been  previously  heated  to  red* 
furnace  specially  employed  for  that  purpose^  are  intro* 
to  their  places.  The  interstices  existing  between  the 
tubes  are  now  closed  with  fire-clay,  so  a«  to  make  good 
nt  of  the  oven,  and  the  cast  and  wrought  iron  adapters  are 
d  in  their  places  with  a  luting  of  the  same  material. 
en  the  retorts  are  thus  arranged  in  the  oven,  a  small  cl\vffw|t 
rdcred  ore  and  charcoal  u  at  lirst  introduced ;  t\ieae  ivrvi  %\3kR<- 


I 
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iirelj  increaaed  untD,  at  the  expiration  of  three  o 

the  fippnmtiis  has  got  into  a  regular  way  of  vrodyi 

point  we  will  first  investig&te  the  operation  of  the  ippi^H 
minenil  h  brought  to  the  furnace  in  wooden  boxes,  «^ 
miied  with  Une  coal  slightly  moistened  with  water  Tbn  i 
of  each  oven  consists  of  LlOOlbs^  of  calcined  calatntnt?  aiuil 
of  a  bituminous  coal,  which  has  been  prerioualy  rpduiT^' 
-«tate  of  a  fine  powder.  These  substanees  are  intimateil 
ftogether  before  being  introduced  into  the  retorts.  Before  a 
the  tubea,  the  residue  remaining  from  the  preoeding^  o^HT»tj<l 
be  carefully  withdrawn,  and  the  inside  of  each  retort,  a*  wi 
the  iron  iidaptere,  he  thoroughly  cleaned  with  a  amall  imo  1 
The  charging,  which  usually  commences  at  0  uV-lock  intbel 
begins  with  the  lower  tubes.  The  mixture  of  ore  andccnli 
dueed  by  the  aid  of  a  aemi-cyliudrical  shovel  attached  to 
rod  as  a  handle]  and  as  soon  as  the  charging  h  termini 
fire  18  increased  by  raising  the  thiuiper  on  the  top  of  the  { 
and  the  addition  of  a  fresh  supply  of  fuel.  After  a  th4 
large  (]U!intitie8  of  carbonic  oiide  gas  are  evolved,  which  h^ 
a  blue  flame  at  the  openings  of  the  iron  adapters.  At  tN 
tion  of  a  further  period,  the  brilljancy  of  the  eombusttoi 
eiderably  increased,  and  the  flame  at  the  same  time  ii 
greeniijih  white  tint,  with  the  evolution  of  copious  'whii 
The  diatilhition  of  the  metal  now  begins,  and  the  conical 
wrought  iron  ie  luted  on.  At  this  pouit  the  greatest  carti 
site,  in  order  to  so  conduct  the  Hre  that  the  heat  of  the 
every  part  of  the  f^irnace  may  be  as  nearly  as  p>o«8ible 
in  spite  of  ever}'  precaution,  thoBe  in  the  higher  rows  are 
leas  heated  thnn  the  others,  and  are  consequently  only  cl 
such  ores  as  are  most  easy  of  reduction. 

With  this  \new,  the  retorts  in  the  higher  parts  of  the  fc 
chai'ged  with  the  red  variety  of  ore  containing  much  ii 
the  lower  series  ia  supplied  with  the  whiter  and  mora 
kind.  At  the  es|)iration  of  two  hours,  the  workman 
wrought  iron  adapter  with  a  proper  tongs,  and  strikea 
alxive  a  vessel  in  which  is  collected  the  oxide  of  zinc  or 
is  detached  and  reserved  to  he  added  to  the  mixturo 
powdered  coal  in  a  future  operation.  When  this  has  beeli 
fle«iifitant  holds  a  large  iron  laille,  called  ^poelon,  imder  tfel 
each  retort.,  at  the  same  time  that  the  foreman  draws  a| 
with  an  iron  scraper  the  distilled  zinc,  which  accumulati 
Uq\iid  state  at  the  shoulder  fonncd  by  the  junction  of  thfl 
cast  iron  tubes.  He  also  detaches  with  his  rake  tlie  maj 
W&  condensed  in  the  form  of  drops  on  the  inside  of  the  | 
'Dift\\c^^lifli^V\v^<'-^^^<^^'t^^ii*^^^*3  ^oelou  ia  covend  hj 
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pWnripnlly  consififcitig  of  oxide  of  zinc,  and  which  is  remoTed  belore 

:  the  metttl  into  moulds,  where  it  receives  the  form  of  rec* 

r  flat  ingots,  weighing  from  751bs,  to  851h8*  ench.     When 

jierations  are  completed^  the  sheet-iron  cone  is  af^ain  luted 

I,  af^er  firing  continuously  for  two  more  houn*,  another  tap- 

ipiiig  i«  made  in  the  same  way,  and  a  further  supply  of  liquid  zinc 

obtMined.     These  manipulations  are  repeated  at  interralB  of  two 

houn  until  5  o'clock  in  the  evening,  when  the  distillation  is  com- 

onJy  terminated. 

The  tubes  are  now  cleaned  out  and  entirely  freed  from  any 
earthy  residue,  so  as  to  be  ready  to  receive  the  second  charge,  to 
which  hfl.9  been  added  the  oxide  of  zinc  fonued  during  the  progreaa 
of  the  preceding  operation.  In  this  way  t^io  charges  of  the  furnace 
are  workt^d  off  in  2i  hours,  which  together  furnish  about  620lb8.  of 
loet4illit*  /Jne,  and  from  30  to  4>5ibB.  of  more  or  leap  oxidised  gra- 
nules. Calamine,  when  thus  treuted,  yields  about  30  per  cent,  of 
etttl,  and  retains  about  10  per  cent,  in  the  residue  subscrquently 
moved  from  the  retorts.  The  zinc  which  is  retained  in  tho 
idue  exists  in  the  form  of  silicate  of  the  oxide  of  that  metal, 
is  not  to  be  reduced  at  any  temperature  by  the  action  of 
'  alone, 
large  pronortion  of  the  zinc  annually  produced  ia  employed 
e  form  of  thin  sheets*  For  thii*  purpose  it  is  necessary  to 
melt  the  ingots,  directly  obtained  by  the  treatment  nf  the 
I  above  described.  This  is  etfected  in  a  reverberatory 
with  an  elliptical  hearth,  having  a  slight  inclination  towards 
side.  At  the  lowest  point  of  the  sole,  which  ia  made  of  refrac- 
'  l:»y,  is  placed  an  hemispherical  reservoir,  in  which  the  fused 
collected,  and  the  ingots  to  be  remc^lted  are  introduced 
ii-ii  one  of  the  doors  and  piled  near  the  fire-bridge  on  the 
highe^st  part  of  the  hearth.  The  melted  zinc  is  dipped  out  of  the 
k  resenoir  with  iron  ladles,  and  poured  into  moulds  of  various 
.dimensions  in  forms  convenient  for  the  purpose  of  rolling  into 
s.  These  plates  are  subsequently  reheated  in  a  second  ftimace 
in  the  same  ma^s  uf  brttkwork  as  the  first,  and  which  is 
ly  heated  by  the  waste  gases  escaping  from  it.  llt*re  they  are 
ted  to  a  temperatui*e  not  much  exceeding  212^,  and  are  then 
d  tlmiugh  the  rolling  mill,  by  which  they  become  reduced  to 
'orm  of  leaves,  having  various  degrees  .of  thickness. 


BIXESTAIT  METBOD  OT  ZTKC-SMELTnra. 

TTpprr  SLlesui,  where  large  nuantitiea  of  z.iiic  ii^xe  araa»s5^ 
UicM'tl.   the   npu'.inttus  enjpJoyed  ill   its   metaiVuT^C    \,tv^oXvft.fc\vVi 
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differs  very  matermlly  from  that  in  us 
and  in  other  parts  of  Belgiuiii.     Fig. 


165. 


166. 
the  appeanince  of  a  SiJesian  zinc  fumiu 
conducted  in  mulile-abaped  retorts  H»  fig», 
3  feet  6  inches  in  length,  and  1  foot  8 
anterior  face  of  these  is  pierced  with  two  op 
first  of  which  is  attached  aji  earthen  tu' 
angles,  through  which  the  reduced  niet^ 
second,  which  serves  for  the  withdmwal 
closed  by  a  stopper  of  baked  clay,  and  aecui 
are  made  in  moulda,  aod  composed  of  a  m 
fire-clay  and  finely  ground  poteherds.  The 
either  m  small  cast  iron  pans  or  in  vesselfl  « 

Prom  six  to  ten  of  these  retorts  ai*e  eym 
rows  on  either  side  of  the  central  hearth,  on* 
the  laboratory  of  the  furnace  through  archei 
brickwork  of  its  sides  for  that  purpose.     Th 
sequently  closed  by  iron  plates  ao  placed 
rapid   cooling   of  the   bent  arms,  o  A  c,  tp 
through  which  the  charge  is  introduced,  is 
auialler  door,  /,  turning  on  hinges  and 
fastening.    THe  fvLd  oin&Mmttd  qty  tba 


nd  pn 

M 
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letorte  are  charged  mth  a  mixture  of  equal  volume«  of  roasted 
caLamine  and  the  fine  cinders  which  have  falh^n  through  the  grate. 
These  are  for  thiH  purpot»e  preferred  to  powdered  pit  ccial,  because 
the  hitter  is,  from  the  quantit)^  of  tarry  matter  evolved,  liable  to 
cauae  the  obstruction  •jf  the  tube,  a  b  e,  and  consequently  an  inter- 
ruption of  the  operation- 

The  calamine,  w  hich  is  introduced  in  pieces  of  the  size  of  a  pea> 
IB  roasted  in  a  krge  reverberatory  fiirDace  with  a  low  roof:  thig 
may  be  either  heated  by  a  separate  tire  of  pit  coal,  or  by  the  gases 
escaping  from  the  apparatus  m  which  the  reduction  of  the  rousted 
ore  18  efteeted.  "When  a  newly-erected  furnace  is  first  lighted, 
great  care  is  necessary  to  prevent  the  craekuig  of  the  retorts  and 
the  too  great  eipansion  of  the  surroundiog  brick-work.  During 
the  first  two  days  the  fire  is  applied  under  the  grating,  and  the 
beat  is  gradually  raised  to  redness:  after  this,  the  fuel  is  placed  on 
the  grate  itself,  and,  at  the  expiration  of  from  eight  to  ten  days 
from  lighting  the  fire,  the  retorts  are  found  ready  for  charging. 
The  reduced  zinc  passes  through  the  aperture,  c,  of  the  bent  arm, 
and  is  collected  in  proper  vt'SBels  phiced  in  the  openings,  o,  left  in 
the  brickwork  of  the  funiace.  l^ich  operation  requires  twenty-four 
hours  for  its  completion,  and  the  residue,  w4iich  is  a  greenish  semi- 
fused  mass,  is  only  removed  after  every  third  distillation. 

Besides  being  largely  employed  in  the  maniifaetui*e  of  brass,  thia 
metal  is  extensively  used  for  maiiug  baths,  water-tanks,  spouts,  pipeSj 
platas  for  the  engraver,  for  galvjmic  bittteries,  for  covering  sheet-' 
iron  (galvanised  iron),  roofing,  and  a  great  variety  of  other  pur* 
poses,  among  which  may  be  mentioned  plates  for  the  zincograpner, 
|]ie  manufacture  of  the  new  pigment,  white  oxide  of  zinc,  £c. 
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bis:mitth. 

Equir.  =  70-95.     Densitj^  =  9*8. 

BrsMrTH  possesses  a  white  grey  colour,  but  »t  the  s&v. 
Bcuta  a  diMtini'tly  red  tint  when  compared  with  zinc, 
one  of  the  whiter  metal«.     It  is  hrittle,  and  con- 
be  drauTi  ont  under  the  hammer,   and  when  bt' 
highly  iTvstalline  fracture.     Very  beautiful  erystaifl  of  this  mrui 
aru   reiullly   obtained   by  fusing   a   considerable   quantity  in  « 
earthen  crucible,  and  ailerwarda  setting  it  aside  and  ailnwiiu;  A 
to  cool  very  gradually.     For  this  purpose  the  Indle  or  erui  i^T.-  ra 
which  the  fusion  haa  been  oftected  should  bo  removed  iV 
fire  to  a  sand-bath,  and  covered  with  a  hot  iron  plate  on  ^  i 
placed  a  few  pieces  of  ignited  charcoal.     At  the  expiran.jfi    i  - 
certain  time,  the  external  crust  of  solidified  metal  is  pit  r.     ' 
a  hot  iron,  and  the  interior  portions,  which  8till  retain  ib- 
form,  are  rapidly  poured  out. 

The  upper  cruMt  is  now  removed,  and  beautiful  cryatala  -vi  li* 
muth  are  found  coating  the  sides  of  the  Te8»el.     T"  "}d 

form  of  cubes,  or  hollow  tetrahedrons,  and  from  4 

of  oxide  varying  in  its  tkickness,  assume  very  bcouUIUi  prumJM 
colours. 

Commercial  bismuth  is  never  absolutely  pure»  but  as  the  olfcir 
metals  mth  which  it  is  associated  are  cnujmonlr  Tiinrr  n-ritft^tlk 
than  itself,  it  may  in  a  great  degree  be  sc] 
fusing  the  powdered  alloy  in  an  earthen  cm 
part  of  its  weight  of  nitrate  of  potaeh.     On  lieatuig  thia  miiiwt 
until  the  nitre  has  been  completely  decomposed,  a  i>Mrti'>M  t'-f  tb* 
bismuth,  together  with  the  major  part  of  tne  imp 
been  oxidised,  and  remain  in  combination  with  th     ,    .  .     , 
a  button  of  purified  bismuth  collects  in  the  bottom  of  tho  miaWf. 
When  an  absolutely  pure  specimen  is  required,  it  ran  be  |M«Dtfv4 
by  fusing  together  a  mixture  of  aubnitrat«  of  biamutb  aod  librk 
flux. 

Thia  metal  fuses  at  a  tem{>emture  of  476"^  F&L    It 
at   a  high   heat,   and   mnv   *       '!  t^^''       t>:  ^.  ...t 
^araday  at  tbe  V^eani  c\t  Civ 

it  Jc««  readily  ttiau  mosA*  ^v 
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mtb    boils,  and   ia    eubliined,  imd    at  this  temperature    ia 

kted  by  Regnault  to  decompose  the  vapour  of  water ;  it  is  not 

:ted   by  exposure  to  dry  air,  but  wben  placed  in  a  honiid 

jpbere   gradually  becomes  covered  with   a  thin   pellicle   of 

When  strongly  heated  in  air,  bismuth  burns  with  a  bluish 

le,  and  gives  off  fumes  of  a  light  yellow  colour. 

It  does  not  decompose  water  in  presence  of  the  stronger  acids, 

mnd  18  attacked  with  difficulty  by  concentrated  hydrochloric  acid. 

Sulphuric  acid,  unles*  concentrated  and  hot,  does  not  attack  it, 

aiid  in  this  ca^e  sulphurous  acid  is  evolved.     Nitric  acid  attacks  it 

ttb  great  fncility  with  the  formation  of  soluble  nitrate  of  biamuth* 


OBBS  OT  BISMUTU. 


muth  occurs  native,  and  also  in  combination  with  sulphur, 
n,  silica,  and   tellurium.     Its  ores  readily  fus*»  before  the 
ipe,  and  in  the  oxidising  flame  afford  an  oxide  by  which  the 
oal  support  is  stained  of  a  browmah-yellow  colour. 
Hatlve  Bljunath  ;  BUmuth  naiif;  Gedieffem  Witmuth  :  crystallises 
the  cubic  system,  but  is  also  found  massive,  granular,  reticulated, 
arborescent-     C*olour  silver-white,   incUning   to   red;    lustre 
ic,  and  streak  unchanged.     Cleavage  parallel  to  the  face*  of 
octabedron.     Frequently  contains  small  quantities  of  arsenic, 
is  often  associated  x^ith  silver,  and  sometimes  with  iron. 
lative  bismuth  accompanies  various  ores  of  silver,  lead,  xinc, 
»balt,  and  nickel,  and  usually  occurs  in  n^ins  travcrsin*^  either 
or  clay-slatc.     Its  principal  localities  are  the  silver  and 
alt   mines    of  8axony  and  Boliemia,  Altenberg,   Scimeeberg, 
\iitiaberg.  Joachimsthal'  and  Johanrifj^curgcuiitadt.     It  is  likewise 
ibuiid    at    Bieber,    in   the   principality   of  Hanau,  at   Loling   in 
arinthia,  and  at  Fahlun  in  8wcdcit.     Native  bismuth  al^o  occurs 
Huel  Spamon,  near  lietlruth  in  Cornwall,  at  Caldbeckfcll  in  Cum- 
land^  and  near  Alloa  in  the  county  of  Stirling.    Native  bismuth 
►plies  nearly  the  whole  of  this  metal  which  is  employed  in  tbe 
the  grt^ater  portion  is  derived  from  the  miues  of  8ehneeberg 
Saxony,  where  it  is  iouod  associated  with  the  ores  of  cobalt. 
Biamutb  is  aUo  found   in  combination  viith  other  bodies,  but 
ese  compounds  are  hy  no  means  of  common  occurrence. 
Suiphftret  o/ntsmuth  occulta  in  Cuniberiand,  Cornwall,  Saiony. 
d  Sweden.     It  is  fouod  both   in  the  massive  state  and  in  tbe 
of  acicular  crystals,  and  ia  composed  oi   Bismuth  813,  Sul- 
lur   18'7.    This  is  a  rare   niiiier»l,  although    ita  localities  are 

parativelv  numerous.  ,      ,  . 

Bixmuth  Hiemh  in  a  silicate  of  bisnutth  whicli  ov^^uv*  ivi  vuvv\\ii< 
WjabedraJ  er/stoJ*  of  fl  djuk  hair-browu  or  ^ttt.^^  ^j^^vi^* 


BISMrTH, 

is  tKat  of  implimted  globules,  which  rink 

ibr  Ml  cC  A  pto'a  head.     This  mineral^  which  occun  si 

n  Saxonj,  is  composed  of  oxide  of  bisrouth,  5$^; 

';  anetuc  acid,  2*2 ;  gaugue,  91 ;  arsemc,  cobaJt»  coppo; 

Rummth  is  a  stilphnret  of  bismutli,  copper,  and  Itni 
in   the   mine   of  KJutscheffaky,    Dear    Bere^oi^  ta 
it  is  found  in   acicular  crystals  of  a  jeUowish*whiie 
;  and  contains  frora  34  to  43  per  cent,  of  bismutlL 
Teimdymite  Ls   a   compound  ox  tellurium  and   bismuth,  tnd 
oeeurs  in  Sweden  and  Brazil. 

Oxide  of  Bismuth  occurs  as  a  pulverulent  coating  on  sowiPoftW 
other  ores  of  this  metal ;  it  ia  mund  in  Bohemia,  Siberia^  mid  »l 
St.  Ap^oH,  in  Cornwall.  It  is  of  a  yellowish  green  colour,  txd 
contains  HCi  j>er  ft»nt.  of  that  metal. 

Carhonate  of  BmnutA. — This  mineral  also  occurs  at  St    ' 
and  at  Johainigeorijen^tadt ;    it  is  a  straw-coloured   cov  ^ 
with  an  tmg^iu^  tnnit'hoidaJ  fracture.     Its  composition  liut  ao^ 
"y  determhied. 


tSTIUATlON  OF  BtSMlTTH. — SEPAaATIOIT  FBOM  OTKBR  ICITALS. 


T)u8  metal,  which  for  the  purpose  of  analysis  must  be  attacket^by 
nitric  acid,  is  nn^cipitiited  from  its  solution  in  the  form  of  protoxii 
of  biaiiiuth,  BiO,  which,  olW  being  calcined  in  a  small  poredflB 
crucible,  and  weighed,  ite  equivalent  in  metallic  bismuth  is  iT   '    -^ 
by  caleuiation.^    This  operation  muj*t  never  be  attempted  it. 
num  iTUcihIe,  as  the  oxide  of  bismuth  is  liable  to  attack  tha 
should  any  inetiillic  bimnuth  be  libenited  through  the  pn- 
traces  of  or^'unic  matter.     The  filter  from  which  the  o\ 
been  detiu-hed  ia  burnt  in  another  capaule,  treated  with 
nitric  acid,  and  ulrungly  ignited  for  the  purpose  of  deoomposifig 
the  nitrate  uf  bismuth  lonried. 

When,  aa  is  coiiiiiionly  the  case^  bismuth  is  found  assoctatod 
with  other  rnctals,  like  iti^elf  precipitable  by  the  alkalies  and  thdr 
carbonates,  but  not  by  sulphiu'etted  hydrogen,  this  reagent  i» 
employed  to  effect  their  separation. 

Sulphuretted  hydrogen  is  also  had  recourse  to,  when  the  liquor 
holding  in  solution  the  s*alt  of  bismuth  contains  hydrochloric  a«i 
as  in  tliis  case  the  precipitate?  obtaiued  by  the  carbonated  alkilirt 
contains  a  portion  of  chloride  of  bismuth  extremely  difficult  W 
decompose  by  any  excess  of  the  precipitant. 


^  Ihil  ovide  coiiVa^kX\&  %^'^  v^  cwkvV.  <Aiiu^;«^^  bvimiitk 
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Tbia  inetol  is  likewise  sometimes  precipitated  in  the  form  of  a 
bUck  powder,  bj  a  bar  of  irou  or  zinc  introduced  into  it«  solution  j 
this  precipitate,  wliicb  is  metallic  bismuth,  is  collected  on  a  filter, 
washed  v,ith  hot  water^  and  subsequentlj  roasted  in  a  small 
porcelain  cnicible.  Towards*  the  close  of  the  operation  a  few  drops 
of  nitric  acid  are  added,  and  the  temperature  raised  for  the  pur- 
pose of  decomposing  the  nitrate  of  bismuth  fonned :  the  bismuth 
18  now  weighed  in  tlie  form  of  oiide. 

Bismuth  is  separated  by  a  current  of  sulphuretted  hjdrogeii 
gas  from  all  the  metals  not  converted  into  Mulphurets  by  this  re- 
a^nt.  The  separation  of  bismuth  from  copjjer  is  hest  obtained  by 
toe  addition  of  carbonate  of  aumiouia,  by  which  the  oadde  of 
copper  is  retained  in  solution,  wliilst  the  oxide  of  bismuth  is  pre- 
cipitated. After  the  addition  of  carbiHiate  of  amiuoiiia,  the  liquor 
should  be  allowed  to  stand  for  a  considerable  time  in  a  warm 
plftce^  as  the  bismuth  is  not  at  once  completely  deposited-  From 
lead  this  metal  is  separated  by  adding  to  their  solution  in  nitric 
aeid,  sulphuric  acid  in  excess  ;  the  liquid  is  then  evaporated  until 
Tapours  of  sulphuric  acid  begin  to  be  evolved,  when  the  sulphate 
of  bismuth  is  dissolved  in  distilled  water,  and  the  insoluble  sul* 
phate  of  lead  sepunited  by  filtration.  Bismuth  is  sepi^rated  from 
tin  and  antimony  by  treating  the  recently  precipitated  sulphuret 
with  sulphide  of  ammonium^  containing  an  excess  of  sulphur. 

By  this  means  the  sulphurets  of  tin  and  antimony  become  dis- 
folved,  whilst  the  sulphuret  of  bismuth  remains  as  a  precipitate. 
The  reparation  of  bismuth  from  cadmium  has  not  as  yet  been 
natisfactorily  effected. 

Aftsajr  or  tlie  •res  «f  BlMinath. — The  assay  of  the  ores  of  bismuth 

is   conducted   precisely  like   thuae  of  the  oxidised  ores  of  lead, 

'*''     i  the  substance  operated  on  contains  metallic  bismuth,  no 

iig  flux  is  theoretically  ret|uired,  but  as  there  is,  in  almost 

ail  ca^es,  a  portion  of  oxide  present,  a  little  powdered  charcoal 

should  invariably  be  added.     On  account  of  the  vohitdity  of  this 

roetnl,  it  is  of  importance  that  a  readily  fusible  slag  should  be 

ohttt  ined,  and  for  this  purpose  large  quantities,  either  of  carbonate 

I:l,  charcoal  and  borax,  or  of  borax  and  black  fiux,  should  bo 

yed. 

ICKrALLFBOT  OF  BISMUTH. 


The  hiftniutli  of  commerce  is  almost  exclusively  obtained  from 
il,  which  ift  ehiefiy  proeiired  for  this  purpose  from 
,11,  lu^r.»  ;t>  s^i^xony.    The  metallurgic  treatment  of 
I  ,  as  it  is  sulticient  Xo\\fe'AX.\X\vj\Siva. 
metal  becomes  l?u%ed,  lox^  ^v>v»^  omX 


BlflMCJTH. 

vkikt  the  g&ngue  and  in^isibltf  impuiitist 

th^liqtutioD  Uke8  place  ia  east  iron  reM4 
4|p.  lis,  v^Kich  are  set  in  an  incliued  poaition  ia  a  ^     ' 
a»  pnmded  with  a  grate  at  p,  for  the  support  oi 

The  minerals  treated  are  sorted  by  band,  brokea  mk* 
liie  »ize  of  a  hazel-nut,  and  separated  aa  much  aj  powdii 
IIm  associated  gangue.     The  charge  of  each  pipe  consi^ 
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about  SClbs.  of  broken  otq^  which  is  introduced  at  a,  anil  < 
thrt*e- fourths  of  it«  length,  and  rather   more  than   out- 
diameter.     The  slieet  irou  duar  is  now  shut,  and  when  the  wl^jk 
of  the  tubes  in  the  series  have  been  charged  in  the  same  i^av,  tlu" 
fire   ia   strongly    urged :    the    liquid    metril   soon   begins  to  flL»* 
through  the  apertures  A  left  in  the  chiy  plates,  by  whieli  thr  1'Wrf 

ids  of  the  tubes  are  partiaDy  eloi*ed,  and  falls   into  i 
.  oxhen  pots  c,  kept  elightly  heated  by  a  few  pieces  o! 
charcoal,  introduced  into  a  space  left  beneath' them  fort 
pose.     Whenever  it  ceases  to  run  Ireely,  an  iron  rod  is  u 
through  the  aperture  A,  and  the  ore  is  moved  about  in  the  reWil% 

order  to  remove  the  obrttruetiou. 

The  fuel  consumed  is  w  ond,  aod  each  operation  usually  reqidn* 

out  half  an  hour  for  its  couipletion. 

As  .soon  aa  the  fliiw  of  metal  ha:i  entirely  ceased,  the  reeiduuia 
is  scooped  out  with  irou  rakes,  into  the  water  trough  /,  and  a  frrsi 
chargt*  of  mineral  at  once  introduced  into  the  pipe».  The  D-mt<^l» 
4if  the  pot«  c,  ai-e,  when  filknj,  dipped  out  with  iron  ladles,  and  ci«l 
into  ingots  varying  in  weight  from  25  to  50  lbs. 

B>  t  4  vUu  20  c\vt&.  of  ore  are  snutted  in  eight  bottn^ 

H  j(  ll  ^  ^  y  UOU  ol  Vj^  \ifc\^ live  <i\!^Li\v;,  Vs«\  ciC  ^^wid. 
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lotal  amjual  nroduction  of  this  mine  amouiita  to  about 
(Ooods.  The  bismuth  thus  dbt'cUj  obtained  by  liquation  i» 
ttite  pure,  being  contttniinated  by  variable  quantities  of 

iron,  and  some  other  metals,  from  w  hieh  it  is  freed  by  a 
Vision  with  ontvtenth  of  its  weiglit  of  nitrate  of  potjish. 
ftietad  enters  into  the  eomposition  of  some  of  the  best  kinds 

and  has  the  properly  of  imparting  to  it  a  eleiiu  sharp 
?he  solder  employed  in  the  mauufaeture  of  pewter  wares 

of  1  part  of  bismuth,  5  of  lead,  and  3  of  tin.  Bismuth 
Ds  one  oftheirvCTedieots  of  fusible  metal  of  whieh,  as  toys, 
are  made  which  melt  on  being  put  into  a  eup  of  hot 
lis  alloy  ie  likewise  employed  on  the  Continent  in  making 
lugs  for  steam  boilers*,  which,  by  niidting  at  a  certain 
ture,  are  infceuded  to  prevent  their  eiplosion;     This  cou- 

ii*,  howerer,  found  in  practice  to  be  of  little  value,  as  the 
re  force  causing  the  explosion  is  bo  extremely  sudden  && 
How  suiKcient  time  for  the  safety  plugs  to  ^ve  way.  An 
tnposed  of  2  parts  tin,  3  lead,  and  G  bismuth,  melts  at  a 
iure  of  lyO  Fahr.  TliiiJ  compound  ie  used  in  mukiug  »ome 
I  of  etefeotv|ie  plates^  and  for  various  ornamental  purposes. 
trate  of  bismuth  ia  uiied  by  ladiee  as  a  cos«Qictic.  Pearl 
Is  a  aimilar  prcpanition,  obtained  by  diasolviug  biamuth  iu 
pA,  and  precipitating  by  water. 


r  r 
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AXTIMO>T. 

Eqaiv.  =  129-3.    Density  =  6*70. 

A^rrtMOXY  is  a  brilliant  metal,  of  a  white  colour,  slightly  iiic 
t^  hUuv  It  fuHOM  lit  a  temperature  of  about  800*  Fahr.  md 
lmct«  bv»t  Jittle  dunng  congelation. 

It  ii*  rxtrenicly  brittJo,  and  possesses  a  strongly  crptaJliiM 
l»n\  *o  tlv/it  when  brolfen  it  exhibits  beautiful  facettes,  iudir  * 
tf  ^hirli   niiiv  uauidly  be  observed  on  the  surlaoe  of  the 
Wi^va.     It   18  »lowly  but  disrtinctly  volatile  at  a  white  h^A 
alotaxl  \e«*H.»l,  but  aaraits  of  being  distilled  with  tolerable 
H  c«nvnt  of  hydrogen  gas.     ^\'llen  placed  on  a  piece  of  ii 
^l^Mircoal  and  osposed  to  a  stream  of  oxv^n  gas,  it  takes  fin 
Innim  TRith  great  brilliancy,  throwing  o^  its  oiide  in  the  fcllil 
^iplkx^i>h-\viiitc  amoko,  possessed  of  a  peculiar  odour  §oi 
•nui^^ftKliiu:  that  of  arsenic. 

Hv  18  not  seneibly  affected  by  exposure  to  the  air 

•  I  at  urea,  but  is  rapidly  oxidised  when  exposed  i 
?s«J                 I  m.  When  fused  and  strongly  heated  antimony  m  < 
^                 till*  ground  from  a  certain  height^  coinbu8ticm» 
||«lMr^M  tn  I  bo  prodnction  of  a  thicl^  white  smoke,  immedUtelj 

The  white  aiiioke  ia  oxide  of  antimony. 

Hvotnl  seldom  occurs  in  commerce  in  a  state  of  purity, 

"  unulo(i  with  variable  quantities  of  iron,  lead,  arsenic^ 

To  Mrparatc  these,  it  may,  after  being  reduced  to  t  fifif 
te  an  inifi  mortar,  be  intimately  mixed  with  ono-tintli  of 

**l*  nitre,  and  subsequently  fused  in  an  earthen 

Iwatnient,  the  impurities,  together  with  a  p*>rti^ ;. 

N»oi»me  oxidised,  and  on  breaking  the  vessel  after  liaring 

•  '  '''»o|,  the  antimony  is  obtained  as  a  metallic  huttoni 
htch  will  be  covered  with  a  fem-like  cryatafltMliBft. 
nf  this  metal  may  likewise  be  effected  by  ftuQ^,^ 
divided  state  with  a  small  quantity  of  its  axrti. 
tlie  grain  of  metallic  antimony  is  regarded  w  « 
;n»nty. 

i»^  of  tine  di\isk)n,  antifnony  is  attacked  by  bviln** 
\W  e\  ciVuNAoli  Q^Vv^'ii'a^<i5\5^^  but  it  hafi  uutlis; 
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>perty  of  decomposmg  wster  tcidukted  with  tulphtmc  add. 

ben  attacked  by  hot  couc^ntnited  sulphuric  acid,  it  becomes 

idised  with  erolution  of  sdphannis  aeia  gms.     Nitric  scid,  cveii 

lieu  diluted  with  water,  attacks  antimonj  with  great  fiacihtv,  and 

Lnalonna  it  into  an  insoluble  white  precipitate  of  antimonic  acid, 

O,.  Aqua  re^a  readily  attacks  antimony,  and  ^vee  riJie  to  the 
J^^:irniation  of  a  chloride  which  is  readily  soluble  in  an  excess  of 
*^y*drochloric  acid, 

^.^^^   Specimens   of  natire  aatimonj  hmre  been  found  in  Sweden, 
^^^>ance,  and  Gemmnj. 

ORSB  OF  ANTTMOITT. 

Antimony,  aIthouj|h  occasionally  found  in  &  natire  state,  is 
'^ Anally  combined  with  sulphur,  and  often  associated  with  galena. 
^%  also  exists  in  combination  with  oxygen  and  arsenic ;  but  the  sul- 
1^^  "-  the  only  mineral  which  can  be  considered  as  an  ore  of 

JSative  nntimonj  crystaUises  in  forms  derived  from  the  rhombo- 
«^€dron,  and  ia  oflen  aaoociated  with  small  qufiutities  of  iron  and 
Silver. 

^^•sLlde  of  AnttitKiny;  Antimome  oxyde ;  TFeisgpiesfffa^erz. — 
This  mineral^  which  is  of  comparatively  rare  occurrence,  is  gene- 
**»lly  found  either  in  acieular  rhombic  prisms,  or  in  rectangular 
t^lates,  having  two  lateral  faces  inclined  at  an  angle  of  136**  58'.  Its 
Colour  is  either  snow-white,  pink,  or  ash-grey.  The  cleavage  is  in 
%wo  dircctiona  parallel  to  the  la-toral  faces  of  the  plates,  and  is  well- 
-defined and  readily  obtained.  The  streak  is  white,  and  lustre 
adamantine,  shining  and  pearly.  Specific  gravity,  =  5'56,  The 
lUialysis  of  this  mineral  has  adbrded  to  VauqueUn  the  following 
Results: — 

Oxide  of  antimony .  86'0 

Oxide  of  iron 30 

SUica 80 

970 

According  to  Berzeliua,  it  is  pure  oxide  of  antimony,  composed 
of  84-32  parts  of  antimony  and  15-86  of  oxygen.  It  is  extremely 
fusible,  and  melts  in  the  flame  of  a  candle. 

This  substance,  which  is  rare,  and  consequently  of  little  metal- 

Inrgic  importance,  ia  found  in  small  quantities  in  veins  traversing 

the  primitive  rocks  at  Przibrani,  in  Bohemia;  at  Bmimsdorf,  near 

*  Ayber?,  in  Suxony ;  at  Malaczka,  in  Hungary ;  and  in  some  other 

anental  localities. 
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H  It  I  pli  iirrt  of  A  nt  I  mony ;  An  (imoine  mlfur^  ;   Grauspimpfi 

This  Bubtjlaucc,  which  ia-  the  only  mineral  sufBrientJr  aliiiDdiill 
to  be  reganled  us  an  orf  of  antimony,  crystallises  in  fomui  dani 
from  the  right  rhombic  prisDi,  and  is  of  a  lead  or  sted^gtvjodnr, 
which  is  liajjle  to  tamisli  from  exposure* 

The  cleavage,  which  is  parallel  to  the  shorter  diagODsl,  ia  litg% 

f edict.    The  crystals  are  commonly  divergent,  coluiniULr,  or fflwii^ 
t  aUo  occurs  in  g^rauular  amorphous  masses.     Its  specific  S*4^l 
vai'ieH  fnim  450  to  4'G2 :  its  Htreak  has  the  samo  colour  sfflH 
mineral  itself,  and  on  being  heated  on  charcoal  before  the  bliF^ 
pipe,  abundant  white  fumes  and  an  odour  of  sulphur  are  eroIfeA 

This  substance,  which  is  commonly  associated  with  irotn,  nav 
lead,  silver,  quartz,  and  sulphate  of  barj'ta,  occurs  in  veins  trivtrBUf 
various  primitivt^  and  transition  formations.     Its  most  i 
locahties   are^    Fclsobanya,   and  Schemnitz,   in    Hungar 
berg,  in  the  Hartz;   and  Auvergne  and  Dauphiny,   in 
Mines  of  sulphuret  of  antimony  have  also  been  worked  in  n-...— 
localities  in  Spain  and  in  the  south-western  part  of  tho  oouDt?  rf 
Cornwall 
The  compositioB  of  this  mineral  ia,  according  to  Thomson,— 

Antimony "2  so 

Bulphur  '.......  l:  ;  _H> 

100  00 

These  rcRultd  indicate  that  it  is  a  tersulphuret  corre»poD(it9f 
to  the  formula  SbSj.  The  other  mineralu  containing  afiliflun(ft 
although  rather  numerous^  do  not  occur  in  sufficient  aoiiiid«DC« II 
admit  of  being  treated  for  the  meta!  thej'  aflbrd. 


ESTIVATIOK  OF  A5TTM0KT — 8EPi.RATI0ir  FEOM  OTBSE 1UTAU. 

From  the  difficulty  experienced  in  the  preparatirm  oCpedbc^ 

Sure  antimonious  and  antinioiiic  acidu,  thiB  metal  can  seidoin  m 
etermined  with  sufficient  accuracy  under  thesie  fomu,  ai>l  ^ 
therefore  more  frequently  estimated  either  by  difference  i>r 
in  the  metallic  stjito. 

The  precipitation  of  antimony  from  its  solutions 
instaneea,  effected  by  a  current  of  sulphur- tt.-l  s.t  J 
cient  amount  of  tartaric  acid  having  bt 
litjuor  Ui  prevent  the  formation  of  t--  .,,  ^  .. 

di»<tilU»d  water.     In  some  instanc  h  1 

laric  acid  would  occaHioT 
oth(»r  XDctalft  prt:tvtuV,  V.v^ 


ESTniATION  or  AJfTfMOTTT. 
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se ;  but  in  tliis  case  the  results  obtained  are  considered  leaa 
•atisfafton'.  When  the  liquor  has  been  properly  acidilied,  a  cur- 
t  of  sulpburetted  hydrogen  is  passed  through  it  until  it  acquires 
Dg  oJour  of  that  gaa,  when  it  is  digested  at  a  moderate  heat 
the  liquor  again  oecomes  nearly  inodorous.  The  reason  for 
/bus  expelling  the  excess  of  sulphuretted  hydrogen  is,  that  sulphuret 
>f  antimony  la  elightly  soluble  in  water  naturated  with  that  pas, 
and  it  consei^uently  follows  that  unless  this  precaution  were  attended 
,  traces  of  the  metal  sought  would  still  remain  in  solution  along 
witli  any  of  the  metallic  salts  not  decomposed  by  this*  reagent.  The 
ipitate  by  sulphuretted  hytbogen  is  al\erwards  collected  on  an 
tely  weighed  filter,  and  dried  in  a  water-bath  at  a  tempera- 
-'  212**  Fahr.  When  dry,  the  filter  and  its  contents  are  again 
1.  and  on  deducting  from  this  the  weight  of  the  filter  used, 
Ihij  ;iU)uuiit  of  sulphuret  of  antiraony  will  eyideutly  correspond  to 
difference, 
e  sulphuret  of  antimony  thus  obtained  is  not,  however,  pure, 
invariably  contains  a  greater  or  less  excess  of  sulphur,  which 
renders  it  inipo^nible  to  deduce  uumediately  tVom  it  the  amount  of 
antimony  origirmlly  present  in  the  substance  analysed. 

When  it  is  intended  to  estimate  the  metal  by  difierenco,  the  pre- 
cipitated sulphuret  is  dctnehed  as  carefully  as  poasiblu  from  the 
filter,  and  placed  in  a  large  flask,  into  which  fuming  uitric  acid  is 
continuously  added,  drop  by  drop,  so  as  to  prevent  any  loss  which 
niight  occur  through  the  too  energetic  action  of  the  acid  on  its  con- 
tents.    More  nitric  acid  is  afterwards  added,  together  with  a  suffi- 
cient amount  of  hy(bxichloric  acid  to  completely  dissolve  the  whole 
of  the  antimony  present.     If  acid  of  less  strength  were  employed, 
or  aqua  regia  more  or  less  diluted  with  water,  there  woulu  be 
'  r      r  of  the  formation  of  a  small  <|uantity  of  sulphuretted  hydro- 
,  which,  by  being  evolved  into  the  atiuosphere,  escapes  the 
i'^  influence  to  which  the  other  portions  are  subjected,  and 
the  results  obtainrd.    Wien  the  precipitate  has  in  this  way 
been  entirely  dissolv-ed,  a  solution  of  chloride  of  barium  is  added  to 
the  diluted  liouor  as  long  as  a  white  precipitate  is  obtained,  and 
fWtm  the  weinflit  of  the  sulphate  of  baryta  formed  after  it  hue  beea 
jmiprrly  washed  and  calcined,  is  deducted  the  amount  of  sulphur 
ppc»^»nt  in  the  sulphuret.*    The  weight  of  antimony  ia  now  readily 

i  mnlity  of  Urtjiric  acLd  has  been  added  to  the  solution  pre* 

.Unn  or<lioi  ulJoride  of  barium,  t)io  sulphate  of  bnrjltt  pre- 

'  Tit,  conioniinated  with  the  tartrate' of  that  hna^ 

hy  s  protTftot*><i  w.\*lung.     Tlii»  taftrate,  durinjif 

tt^m  Qi  ihc  I  into  carbcinule  of  bar^ttv^avvWa 

*^  ^*  noncid.    T\\eT^vd\Ae,o\\\«vtitt 

— jj'i'un*  iu  viic  true  amount  ot  ^uipVvnx  t5icrnX»MaCTiNj 
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obtained  by  deducting  tte  Bulpbup  thus  esHmalcd 
phiiret  ori^ally  obtained, 

\Vlien  accurate  results  are  required,  it  vb  neoesMBT  to 
allowance  for  the  quantity  of  sulphuret  which 
the  filter  on  which  it  is  collected;  and  for  this  pur|MMe  ft  saf  ^, 
either  v^m  weighed  after  its  removal,  and  the  cnlculstiao 
from  the  cjuantitj  actuiilly  attacked  by  nitric  acid,  or  the 
be  blimt,  the  reuidue  estimated  as  autiiiiuatoiii»  acid,  and  ite 
valent  in  metal  added  to  the  resuUa  already  abtaiaed. 

When  it  is  desired  to  estimate  antimony  in  the  toeUlfie 
the  Hulphuret  is  heated  in  a  current  of  hydrogen  gas,  by 
phuretted  hydrogen  is  formed,  and  the  metal,  in  a  l&htly 
state,  remains.     For  this  purpose,  the  precipitated  eiilphi 
introduced  either  into  a  email  pon^chnn  crucible,  liaviii);  a  ' 
the  coyer,  through  which  a  glrt»»  tuW  conveying  the  L-^a?*  U  utM 
or  iuto  a  bulb  blo\\Ti  in  a  tube  of  hard  glass,  c 
apparatus  so  arranfijed  as  to  furnish  a  current         . 
The  t<iniperature  of  the  sulphui'et  is  afterwards  ^t  .  .  ;  » 
and  the  current  of  gas  pfissed  until  white  vapours  \.\  a- 
dueed  on  pn^sentiug  at  the  eitrcmity  of  the  tube    j 
dipped  in  liquid  ammonia.     When  the  reductiou  is  t'tlixriru  lu 
porcelain  crucible,  the  action  of  the  current  of  hydrogca  i 
nued  until  the  substance  ceases  to  lose  weight. 

To  separate  antimony  from  the  other  metaU,  adrantace  »  WB^ 
times  taken  of  its  insolubility  in  nitric  acid,  x^L  ' 
precipitation  by  sulphuretted  hydrogen,  and  th 
aulphuret  in  tlie  aikalLue  sulplddes,  are  the  propcrut^  o:  *bit 
advantage  is  taken  for  this  purpose.    A\Tien  an  allor  of  mn^mm 
is  attacked  by  nitric  acid,  the  antimonic  acid  nrodiK^l  i»  t 
»0  insoluble  m  that  menatruum  as  the  peroiiae  of  tin,  nn  i 
traces  of  oxide  of  antimouy  will  consequt*ntly  br  m 

tion.     Tills  method  of  separating  antimony  will, 
ciently  exact  for  technological  purposes,  and  whcrt*  more 
results  iire  requinfd,  recourtse  must  be  had  to  the  abov<»*ifi< 
properties  of  sulphuretted  hydrogen  gas  and  the  aulpbtirela  rf 
alkaline  trie  tab. 

The  separation  of  this  substance  from  the  alkaline  amd  mthj 
metals,  as  well  as  from  the  alkaline  earths,  is  rt^**^'  ' 
passing  a  current  of  sulphuretted  hydrouiu  thron 
to  which  an  amount  of  tartaric  arid^  suiBcicut  to  j'i 
on  dilution  with  water,  has  been  added. 

'^'     rucess  of  sulphuri'ttcd  1     '         •    '     "^     "     " 
•n   in  an  imperfectly 
V     ,    deiHzribi';  "• 


.oJ,1- 


Tit  ttepaxute  aBtin- 
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edbalty  and  «mc,  a  current  of  sulphuretted  liytlrogeu  gas  is  passed 
throui^h  their  eolations  acidulatod  with  h\  di-ochloric  acid.     As  has 
been  before  sftated^  tartaric  acid  is  frequently  employed  iu  order  to 
prcv+'^nt  the  precipitation  of  oxychlonde  of  aiitimouy  on  the  addi- 
^on  nf  water  to  eolutions  of  that  metal.     In  the  present  eaae,  how- 
ever, the  preeeoce  of  tartaric  acid  prevcuta  the  total  precipitation 
of  the  aciaodaJted  nietala  by  the  ordinary  reagentij — amuiotiia,  and 
alkaline  carbonate*  employed  for  that  purpoaej  and  therefore-, 
irlien  this  acid  is  employee^  it  beeomea  ueeeBsary  to  iii'st  saturate 
Ab  filtrate  from  sulphuret  of  antimony  i^ith  ammonia,  and  after- 
mrdfl  to  precipitftti^  them  by  the  addition  of  sulphide  of  ammonium. 
The  separation  of  this  metal  from  eopner,  lead,  cadmium,  and 
bismuth,  is  effected  by  first  saturatinjnj  tiietr  solutionii  in  hydro- 
cbioric  acid,  with  anuiwuia,  and  subse<iueiitl3^  adding  to  sujieraatu- 
ration  sulphide  of  animoniuoi  containing  a  large  excess  of  sulphur.* 
TIk"  beaker  containing  this  mixture  ia  now  covered  with  a  gkss 
piijite  and  digested  at  a  temi>eniture  of  from  90^  to  lltT  for  several 
■nours.     By  this  ti-eatment  the  sulphuret  of  antiiiiony  becomes  re- 
idiBSolved^  whilst  the  snlphiu'cta  of  the  other  metala  remain  in  the 
form  of  a  denj*e  precipitate.     This  i«  afterwardw  separated  by  filtra- 
tion from  the  8Upeniatant  litjuid,  and  the  nulphuret  of  antimony 
precipitated  from  the  tiltratt?  by  the  addition  of  weak  hydrocWoric 
acid.     The  sulphuret  of  antimony  thua  obtained  ia  much  contami- 
nated by  free  sulphur,  the  amount  of  which  must  be  oscertamed 
by  oxidation  with  strong  nitric  acid,  and  separation  in  the  form  of 
sulphate  of  baryta  of  the  sulphuric  acid  produced. 

From  the  numerous  analogies  existing  between  the  compounds 
of  tin  and  antimony,  the  8epanfction  of  these  metals  from  eacli  other 
is  attended  with  considerable  difficidtj',  and  no  method  by  which 
Hob  can  be  accurately  efteettd  has  as  yet  been  discovered.  For 
tiia  purposes  of  the  metallui*gic  chemist,  the  foUowing  will,  how- 
crer,  often  prove  euiDciently  eiact.  The  two  metids  are  disiKjlved 
in  aqua  regia  cuntaining  an  excess  of  hydrochloric  acid,  and  a  bar 
of  pure  tin  is  introduced  into  the  solution,  proi>erly  diluted  by  dis- 
tillad  water.  The  liquor  is  now  kept  for  Mevera!  hours  at  a  mode- 
rate temperature,  ana  the  antimony,  which  will  alone  be  precipi- 
tated, is  deposited  in  the  form  of  a  dark  metallic  powder. 


▲8SAT  OF  TH«  0HE8  Ot  ASTtMOTfJ. 

From  the  fusibility  of  this  metal,  its  ores  admit  of  being  reduced 
at  a  very  moderate  heat.     For  the  purpose  of  assay,  the  ores  of 

•  >\lien  the  soluJ  ion  contains  (wppcT,  «iulphurvt  of  potoisiura  should  be  onip 
'ved,  u  the  Bulphurot  of  that  metal  ls  slightly  bolubW  ui  6\lX<^^b^i^  ol  <r 
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antimony  may  l>e  divided  into  two  classes :  the  first  of 
prebends  all  tboae  compounds  in  which  the  iu(*t-al  ie  conibi]|0iwil6 
either  oxygen  or  chlorine,  and  in  which  little  or  no  fuliAMrii 
present.     The  second  conaiscta  of  the  native  sulpburet  o(  nr-tin^^j 
and  all  other  ontimomal  compoimds  containing  iai^  q«^ 
sulphur. 

Idt.  All  the  Bubstanws  belonging  to  this  division  mre  rvrj  nttddf 
reduced  to  the  metallic  »tate  by  being  heatetl  at  a  modenUfi  !•■• 
perature  with  finely-divided  cKarcoal,  and,  when  fre©  finom  ettllf 
or  siliceous  impurities^  their  assay  may  be  conducted  in  Hi  eaflldl 
crucible  interiorly  lined  with  charcoal,  without  tbo  additioii  0^*7 
kind  of  flux. 

From  the  volatility  of  this  metal,  it  is  neceeaarj  to  aroid  lli 
application  of  too  strong  a  heat ;  and  when  the  subetance  eraaaorf 
is  contamiiiated  with  impurities,  the  addition  of  f«ome  mj liable 
becomes  necessary.  For  this  purpose  the  ore  y 
mixed  either  with  three  parts  of  block  flux  or  one  \ 
of  soda,  and  025  of  finely-powdered  charcoal.  In  tliia 
lining  of  tho  cTucible  becomes  imnecesBary,  and  after  it  baa 
in  the  Are  until  its  contents  are  in  a  state  of  tranquil  foskio^  It 
should,  on  being  withdrawn,  he  gently  tapped  against  soot  1*4 
body,  to  collect  the  fused  metal  in  one  corupaet  butUm  at  tb«* " 


^ 


torn.      When  the  crucible  has  become  cold,  it  is  brok 
button  extracted  and  weighed.     Care  is,  however, 
detaching  it  from  the  atlhcring  slag,  as^  from  its  brittle: . 
otherwise  be  liable  to  become  broken,  and  a  portion  <  <     -   \ 
lost. 

This  method  ia  likewise  applicable  to  substances  which. :. 
principally  consisting  of  the  oxides  of  antimonv,  n  v  ^^ 
tain  small  quantities  of  sulphur;  for  as  tho  sulpb 
black  flux  just  one-half  the  combined  antimony,  a  v<  ry  >*in.\ 
tion  only  can  be  retained  in  the  slags.     When  oxijo  of 
present  m  the  substance  treated,  this  met?»l  is  lilwnit^d  at  tW 
time  as  the  associated  antimony,  and,  uniting  with  it,  (( 
alloy,  by  which  tho  result  obtained  is  to  a  certain  dcgrt»  f 

2nd-  The  assay  of  substances  belonrjinq'  to  thi*  Aam  i!\%f 
made  either  by  first  roasting  the  sulphuTf 
tho  oxidised  matter  with  bhu'k  flux,  or  ! 
mineral  with  the  addition  of  blaek  fluA 
iron  or  iron  scales.     The  roa»tiiig  oi 
from  its  great  fusibility,  and  the  facility 
sublimed,  an   operation  rrMHiiririL'    irnun 
it  shijuld  c<)n?*r'qijeiitiy  I' 
tniuurul  cori^tMnHv  !,<.^nr 

tract*  of  811 
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is  obtained  as  in  the  treatment  of  the  oiidised  minerals  belonging 
to  the  first  cUiss. 

Tht'  antimony  contained  in  the  aulphurefc  of  that  metal  is  also 
'y  liberated  by  fusion  with  metallic  iron  in  a  state  of  fine 
-Hin.     The  sulphuret  of  iron  tlius  produced  has,  however,  so 
Tcry  nearly  the  siime  density  na  metallic   antimony,  that  their 
«i*T>nnition  can  only  be  obtained  by  keepinj;  the  rontents  of  the 
Me  for  a  conaiSerable  time  in  a  state  of  fuaion*     When  this 
J — dution  ifl  taken,  two  distinct  buttons  are  obtained  on  breaking ^^_ 
the  crucible ;  the  one  which  ia  at  the  bottom  is  of  a  white  colouf^^^^ 
and  crystallised  in  large  plates,  whilst  the  other  is  of  a  bronze-^^ 
yc  Iluw  tint,  and  consists  of  sulphuret  of  iron  containing  slight 
tTKOs  of  antimony.    These  are  carefully  detached  from  each  other, 
and  the  button  of  antimony  weighed.     The  long-continued  heat 
r       ^^mry  to  pD^duce  this  separation  hjis,  however,  the  effect  of 
iiig  the  loss  of  a  considerable  amount  of  antimonv  by  sublima- 
tion, wliich  is  an  inconvenience  that  cannot  be  enturely  obviated 
by  the  most  carefid  manipulation. 

In  operating  in  this  way,  it  is  also  of  the  greatest  importance 
that  the  exact  amount  only  of  iron  necessarj^  to  combine  with  the 
5til|(hur  presvnt  should  be  added  to  the  pounded  sulphuret,  aa 
iVoTii  the  great  tendency  of  antimony  to  form  an  electro-negative 
element,  it  would  otherwise  combine  ^vith  the  excess  of  that  metal, 
irivtng  rise  to  an  antimoniuret  of  iron,  one  portion  of  which  would 
I'iintaminate  the  reduced  metal,  whilst  anotner  would  be  retained 
in  the  slag* 

For  the  reduction  of  pure  sulphuret  of  antimony,  42  per  cent. 
r^fuun  filings  is  required;  these  should  be  free  fn:)ra  rust,  and  in 
t  possible  state  of  division,  as  when  larger  masses  are 
♦  .[,..,,  .1,  a  considerable  amount  of  antimony  h  lost  in  the  state 
of  vapour  before  they  can  be  fully  acted  on  by  the  siurounding 
nuiphuret.  Cast  iron  cannot  be  employed  in  the  reduction  of  the 
jsulpliiiret  of  antimony,  as  it  is  not  only  little  acted  on  by  tlie  sul- 
phur, but  the  slag  produced  is  also  found  to  adhere  so  firmly  to 
ihf*  ftietal  as  to  be  extremely  difficult  of  removid. 

If,  instea<l  of  employing  iron  and  sulphuret  of  antimony  alone, 
A  rifrl^in  proportion  of  c^irbonate  of  soda  and  charcoal  be  added 
Ui  ihi-  riiiiTiiits  of  the  crucible,  the  same  results  are  obtained,  and 
a  eil.ii.»  I-  innluced  consisting  of  suiphuret  of  iron  and  a  sulphuret 
of  t.'  ■'  base  pri^duced. 

A  \tMTi^  for  this  p^irnose  consists  of  100  parts  of  sul* 

pitu;  '  of  metaUic  iron,  45  of  carbonate  of 

\  .  red  charconL       When  thus   treated  in 

en  a  moderate  teLnpenit\iTe,  pure    %\i\\)\\ut^ 

/i  05  io  G7  jper  cent,  of  reduced  iv\ct^. 
'•"  iMBg  metallic  iron  tor  thia  purpose,  t\\e  ^xn^  wv! 


442 


AKTiMOirr. 


of  that  metal,  iron  scale,  or  any  ferrugiuoua  matter  nmy  hn 
provided  it  be  capable  of  iilfording,  when  heatiHl  vnih 
and  an  alkaline  fiui,  a  large  per-centage  of  metallic  inm 
iron  acak^  are  emplojod,  they  »bould  be  added  to  thi*  eulpltofl 
of  antimony  in  the  proportion  of  40  parts  of  tlie  former  to  100 
the  latter ;  and  this,  with  the  addition  of  100  parts  uf  carbonl 
of  8oda»  and  15  of  cbareoal,  will,  with  carefiil  firing,  aUbrd  i 
duce  of  from  G5  to  67  per  cent,  of  regidine  antimony. 

Mr.  Kitehell  states  that  the  beat  method  of  assaying  ralphoil 
of  antimony  conaiata  in  mixing  it  intimately  "with  four  put* 
cyanide  of  potassium,  and  heating  ver)'  g;ently  in  an  eai  ' 
cible.     The  heat  required  in  this  ca^  is  so  extremely 
little  if  any  of  the  metal  is  lost  by  sublimation  ; 
the  other  processes,  a  notable  quantit)%  often  amouj 
per  cent.,  is  in  this  way  driven  off.     It  is,  therefore,  e. 
the  estimation  of  antimony  by  the  dry  way  sbonld  mth 
sidered  a»  a  eommereial  approximation  than  as  hv 
exaet ;  and  when  pure  sulphuret  is  the  substance  op 
examination  ^vill  prove  of  but  little  value,   as  every   iU>  pu^ 
of  that  compound  correspond  to  72  8  of  metallic  antimony.  1 

When    more    rigtjrously  exact  results  are  rec|nirf-d, 
must  be  had  to  humid  analysis.     For  this  purpose,  :i 
portion  of  the  siiiphuret  to  be  eximiined  should  be  bt 
aaua  regia  until  the  whole  of  the  soluble  matters  nr*- 
Tne  residue,  which  consists  of  gangue  and  undeconip.  -    1 
is  now  separated  by  filtration,  dried,  ignited,  and  \^ 
taric  acid  is  then  added  to  the  illtnite  to  prevent  tli' 
of  any  oiychloride  on  dilution  with  water,  and  tl 
precipitated  in  the  state  of  sulpluirot  by  a  current  ti 
tiydrogen.     The  amount  of  metal  in  this  nrecii*!^  ' 
by  one  of  the  methods  already  describeo,  win 
aulphur   originally  ]ii*esent   in   the   ore  is  readily 
ascertaining  the  loss  sustained  by  the  dr)'  ganguo  dii 
and  subsequently  precipitating  the  oxidised  sulphur 
the  filtrate  in  the  form  of  sulphuric  acid  by  the  ndditvi 
ride  of  barium.     On   ascertaining  the   an 
iwponding  to  the  sulphatt^  of  baryta  thin 
to  that  directly  estimated  by  difieriMi 
bined  with  the  antimony  is  obtained,     I 
are,  when  necessary,  separated  by  the  oidmuy  i 
analysis. 
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ly  effected  by  a  dinple  liq nation  couductod  at  a  very 
►mte  heat.  On  the  continent,  thia  operation  is  carried  on  in 
ieol  retortt  in  a  way  uhortly  to  be  deecribed;  but  in  this 
itry  a  reverberatorj-  furnace  of  peculiar  construction  is  em- 
©d-  The  hearth  of  the  iipparatns  is  oomuoBed  af  a  mixture  of 
L  and  eky,  solidly  beaten  together,  and  nloping  rapidly  in  all 
directions  towards  the  centre,  wliere,  at  the  lowest  part  of  the 
ba^in  thus  fonned,  i«  situated  the  tap-bule  for  the  eseape  of  the 
differvnt   liquid   products.      When   the   mineral   operated   on  is 

Brably  free  frum  earthy  or  other  iiupiu'itiea,  the  operation  of 
ation  may  frequently  be  dispeuned  with,  but  with  tbe  poorer 
eties  of  ore  it  hecomt's  indiiipenwihly  neoeeaaiy.  In  this  caae 
impure  sulphuret  is  uharged  on  the  floor  of  the  furuaee,  and 
In  proportion  as  the  tempernture  begins  to  be  elevated  it  becmuea 
bquitied,  and  escaping  throu^^li  tbe  tap-bole  in  the  buttoni  ol  tbe 
dearth  is  received  in  a  basin  [>reparecl  for  that  puj'(»OB*^  oii  the 
Otltnde  of  the  briek-work  of  m  liieb  the  furnace  is  cont^tructed. 

To  obtain  nietidlic  ajitiinony,  tbe  Bulpburet  is  carefully  roasted 
In  a  reverberator)-  furnace  until  the  whole  of  the  sulphur  ia  ex- 
pelled,  and  a   grey   oxide   alone  remains.     Thia   oxide  ia  alter- 
^rarda  mixed  i\4th  one-tenth  of  its  weight  of  crude  tartar,  and 
reduced  in  larj^jo  earthen  crucibles  heated  in  a  wind  furnace.     The 
metal  obtained  by  this  process  is,  with  the  exception  of  a  et'rtain 
admixture  of  iron,  tolti'ably  pure,  and  i»  at  once  ready  for  tho 
market.     Instead  of  thus  expelling  the  uulpbur  by  roasting,  and 
Bub&equently  reducing  the  oxide  formed,  the  reduction  of  tho 
Bidphuret  is  often  directly  etfceted  by  fuaion  with  metallic  iron  in 
tE  reverberator}^  furnace  furnished  wnth  a  concave  hearth. 
I^MLccording  to  Berth ler,  an  excellent  product  of  metallic  antijnony 
^l^btained  from  a  mixture  of  KX)  parts  of  purified  eulpburt't,  ik) 
fof  iron  scales  from  tbe  hammer  or  rolling  mill,  from  45  to  GO  of 
,  carbonate  of  lime,  and  10  to  12  of  powdered  charcoal.    From  tbo«© 
I  proportions,    a   yield   of    nearly   70   per   cent,   of    antimony   is 
|»eaaily  procured.     Tbe  antimony  obtamed  by  this  procewM  is  not, 
'however,  sufficiently  pure  for  many  commercial  purposes,  iis  it 
i contains  large  quantities  of  iron  and  other  substances,  which  arc 
I  separated  by  a  second  fusion  with  a  mixture  of  antimonic  acid  in 
liarge  earthen  crucibles. 

In  works  where  autimotiial  ore*  are  smelted  by  mcatis  of  crude 
^Iritartrate  of  putawh,  the  scoriie  which  cover  the  surfmie  of  the 
metal  are  not  thrown  away,  as  they  retain  a  certain  proportion  of 

K antimony  in  combination,  from  which  a  secondary  iiruduct  con* 
ting  a  coarse  kind  of  Kermes  Mineral  is  obtained.     Those 
consist  of  sulphide  of  potassium  and  antiinoniate  of  [wtash, 
on  bcin^'  treated  mth  water,  undergQ  t^  &jK>cn&.'^^\\AQ\iNar$ 
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which  the  kcrmea  is  precipitated :  this,  under  the  nain 
by  the  dry  way^  ia  sold  as  a  veterinary  luedicine. 

At  Malbosf,  in  the  depiirtment  of  .\j-deche  in  France,  the 
ration  of  the  sulphuret  of  antimony  from  its  osscH^iated 
is  effected  by  nieaus  of  a  pecidiar  apparatus,  of  which 

repre8{:'nts  a  verti 
tion.       For   this 
the  mineral   is   ph 
large  retorts^  B,  of 
four  are   set  in 
nace.     An  aperti 
at    the    bottom    of 
of  these   cylinders, 
corresponds  with  a.| 
opening,    by   whici 
are   supported, 
the&e,   in   sepanito 
hers,  c,  an?   tdtual 
earthen  |K>t»»  p» 
is  received  the  in 

Shuret  in  I  ^ 
esccndsff 
above. 
^^^-  The  fuel   oonnumfid 

grate   consists   of  fir  wood,  and  the  sulphuret  •  " 
converted  into  metallic  antinaony  by  roasting  in  a  rv\ 
furnace,  and  subsequent  reduction  by  a  mixture  of  20  pt  r 
pulverisod  chureoaf,  which  has  been  saturated  mth  a  »i 
tion  of  carbonate  of  soda. 

Tlie  brittlenese  of  this  metal  preventa   its   being  e 
employed  in  a  pure  state,  but  its  alloys,  which  are  very  a 
are  much  used,     Tlie  most  important  of  these  is  type  mvtiJ, 
conaistu  of  6  parts  of  lead  imd  2  of  antimony  ; 
type  metal  is  composed  of  6  of  antimony  and  I  of  1. 
metal  is  also  a  compound  of  the  sanjc  cUss,  containiDji; 
quantities  of  copper,  tin,  bismuth,  and  nTiiinmnv       At.t'r 
tlie  form  of  a  aolubte  tartrate  of  antimoii\ 
emetic  of  tlu*  apothecary;  and  antimom    >i.> 
forms  the  alloy  on  which  music  is  engraved. 
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Equiv.  =  75,     Density  =  5*88. 


Aksxxic  is  a  brittle  metal,  of  an  iron-j^y  colour,  and  possessing 

%  «tTOiig  metallic  lustre.     Wlien  heated  to  356'  Fnlir.  it  gublimea 

without  first  entering  into  fusion,  and  at  the  same  time  emits  an 

odour  Htroiigly  rosenibh'ng  that  of  garlic.     In  close  vessels  it  may 

be  Bublimed  without  ehange  ;  but,  if  air  be  admitted,  it  is  rapidly 

converted  into  a  white  oiide,      Accordinp^  to   Hahnenian,   this 

raetal  is  slowly  oxidised  and  dissolved  hy  being  boiled  in  di^^tilled 

water.     AVhen  exposed  to  air  and  moisture,  it  geuertdly  acquires 

on  its  surface  a  dark  film,  which  is  extremely  superficial ;  but  it 

has  b<?en  observed  by  Berzelius,  that  some  specimens  may  be  kept 

i  1  open  vessels  for  sev'eral  years  without  losing  their  lustre,  whilst 

'•*^''-'*   are   in  a   short   time    oiidised    throughout    their  whole 

nice,  and  fall  into  powder.     This  difference  has  been  recently 

3»c\ mated  for  by  supposing  it  to  arise  from  the  presence  of  potaa- 

ftiiin  derived  from  the  black  flux  employed  in  its  preparation. 

The  metal  obtained  by  the  sublimation  of  eommereial  cake  arsenic 

U  not  subject  to  this  oxidation  by  exposure  to  the  atmosphere. 

'^        eoduct  of  this  spontaneous  change  appears  to  be  a  mixture? 

ie  and  metallic  arsenic,  and  is  known  on  the  Ckfutinent 

the  name  of  fly-powder. 

tnic  is  a  highly  combustible  body,  and  bums  ^Hth  a  bluish- 
flame  and  the  formation  of  arsenious  acid,   AsOj.     This 
Thii^h  is  geniTrally  known  by  the  name  of  white  arsenic,  19 
' ommon  preparation  of  this  body.     It  is  obtained  by 
I  a  reverberatotT  furnace  the  more   common  ores  of 
ir-nenic  of  commerce  is  procured  during  the  treat- 
kel,  the  arsenical  ores  of  tin,  arsenical  minerals  of 
iic  (»f  the  orea  of  copper,  containing  this  body  in 

...  . .  1  '1  Mjlnlmr, 

T<- 1  arsenic,  when  existing  in  the  form  of 

1    ;-  I  inously  effected  nccordin^i;  t«^  i\x^ 
led  In  the  Bo\ul\ou,    \?,  m  tvi\«Kv 
i    Jtjjr  cotitain&  mtr\e  ijlcvA,  m\X\CiNxX. 
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any  traces  of  other  fijced  matter,  it  is  mixed  with  «  wetglied 
tity  of  piire  oiide  of  lead  which  has  been  prerioualr  h 
recess  in  a  porcelain  crucible.     The  aolution.  is  dowct] 
to  drrneas,  and  the  residue  ignited  and  weighed.     The 
STBenic  acid  originally  pre«ent  is  obtained    by    dedti., 
the  weight  of  the  ignited  residue  that  of  the  oxide  of  I 
ot  the  commencement  of  the  operation.     In  order  that  this 
should  succeed^  it  is  of  course  necessary  that  no  other 
present  which,  by  uniting  with  the  oxide  of  lead,  it  a 
forming  a  compound  not  decomposed  at  a  red  heat :  the 
of  ammonia  ia  eoually  detrimental  t^i  the  accuracy  of  this  b 
estimation.       Tae  separation  of   anienic   from   other 
efieeted  by  the  same  means  as  are  emploved  to  elim 
mony  from  eolutiona  containing  other  motaU  ;  but,  froj 
krity  in  the  behaviour  of  these  aubstancea  when  trea 
diilereut   reagents,   great  difficult v  la  experienced  in  sei 
them  from  each  other.     This  difliculty  ia  atill  further  * 
when  tin  is  also  present.* 

Arseniou?  acid,  when  treated  with  charcoal,  becomes 
the  metallic  state.     The  metallic  arsenic  of  conunerce  is 
by  decomposing,  bv  the  aid  of  heat,  the  mineral  called 
ns  also  from  the  other  ores  containing  arsenic  in  conibii 
iron  and  sidphur.     For  this  puqiose  the  pounded  ore  is 
earthen  retorts  4  ft.  6  in.  in  length,  and  aoout  a  foot  in 
in  which  some  pieces  of  old  iron  are  introduced,  with  a  tm 
more  eftectually  retaining  the  cctmbined  j*ulphur.     Eeceivci 
now  adapted  to  the  difterent  retorts,  which  are  moderately  hi 
by  a  tire  placed  beneath  them ;  the  mineral  ia  thus  decompi 
into  sulphuret  of  iron,  which   remains   in  the   retort,  and 
metallic  arsenic,  which  is  sublimed  and  condensed  in  the  reoeii 
The  arsenic  obtained  in  this  way  ia  purified  by  aeeoond  distill 
with  a  smaU  qunntity  of  powdered  charcoal. 

Arsenic  is  used  in  small  quantities  in  the  preparation  of  vj 
alloys,  and  particularly  in  the  manufacture  ol  shot,  When  i 
with  lead  in  the  pr^^portion  of  about  one  per  cent.,  it  is  found 
only  to  impart  to  it  a  certain  degree  of  hardness,  which  is  adt 
tageous,  but  it  likewise  gives  to  it  a  tendencv  to  form 
regular  globules,  which  much  facilitates  the  manufacture, 

Arsenious  acid,  the  white  arsenic  of  commerce,  is  prepl 
by  roasting  certain  arsenical  ores^  such  as  those  of  iron,  dU 
and  cobalt,  as  also  from  the  arsenical  tumes  condeniei 
the  Euea  leading  from  furnaces  in  which  the   roi 

•  ?of  l\ift>5«»*  wvjOiod  of  aejwttuting  th<*?  meuis,  «eFlwauini,.< 
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ores  is  conducted.  The  Btibatatice  from  which  the  araenious  acid 
ia  to  be  prepared  ia  usually  heated  on  the  sole  of  a  reFerberatory 
fttmace,  through  which  a  current  of  air,  after  passing  througn 
the  grate,  is  allowed  to  play.  By  thia  treatment  the  sulphur  is 
converted  into  sulphurouB  acid,  which  escapes  through  the  chimney 
whilst  the  areenioua  acid  at  the  Batiie  time  produced  is  condensed 
in  proper  chambers  placed  iu  the  iluea  for  that  purpose.  To 
obtain  pure  arsonious  acid,  the  first  products  thus  directly  pro- 
cured by  sublimation  are  subjected  to  a  second  treatment  in  cast 
iron  tunes  provided  with  wrought  iron  receivers.  Preshly-pre- 
pored  arsenioufl  acid  assumes  the  appearance  of  a  perfectly  tranu- 
poreut  solid  muss,  but  by  exposure  it  becomes  transformed  into  an 
op4i«]ne  body  resembling  porcekin. 

Arflenious  acid  is  largely  employed  to  give  a  peculiar  porcelain- 
'Ue  to  glass  ware.  It  is  likewise  extensively  used  in  the 
,  ^ration  of  various  pigments,  among  which  may  be  mentioned 
orjiiijient,  or  /citiff's  yellow,  and  realgar,  which  is  auother  sulphuret 
of  a  fine  red  coloiu-.  Arsenious  acid  is  also  extensively  employed 
in  the  roanufiicture  of  emerald  green — an  acoto-arsenite  of  copper 
much  used  by  paper-stainers. 
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Equiv,  =^  K)0'07.     Density  =  13mGS. 

Mercubt,  or  Quitvksilver,  differB  from  all  the  other  tn' 
liquid  at  ordiiiiiry  teiii|icnituxe8.  It  has  a  silver-, 
witli  a  strong  metaUic  lustre,  and  is  not,  if  quite  purt,  Uura 
by  expOBure  in  the  cold  to  a  moiat  atmosphere.  li'  heme! 
containa  traeeft  of  other  metala,  the  amalgam  is  rapidly  oiii 
and  the  eurface  of  the  hath  quiekly  covered  by  a  gn»y-coli 
powder.  This  metal  i;j  sohd  at  a  ten^perature  of  39^'  or  ¥f  I 
zero,  and  \a  then  both  ductile  and  malleable.  In  polar  Uki 
the  eold  is  aoinetiuiei*  so  intense  as  to  cause  the  congelatii 
mercuryj  but  a  similar  result  may  be  obtained  by  ft  fit 
mijtture  composed  of  ether  and  solid  carbonic  iicirf.  The 
effect  is  also  produced  by  a  miiture  of  pounded  ice  aad  cr 
liaed  chloride  of  calcium.  If  a  rather  lacrge  qnaoiity  uf 
be  operated  on,  and,  after  being  placed  in  a  phitinurr-  - 
be  gradually  exposed  to  a  proper  refrigerating  nilw 
octahedrfd  crj'stals  are  readily  obtained.  The  ujer 
case  becomes  congealed  around  the  sides  of  the  vi 
pouring  out  the  portion  which  still  retains  its  T 
crystals  belonging  to  the  cubic  system  are  ton  mi 
Considerable  contraction  is  likewise  obsened  to  t;il.  ' 

moment  of  congelation ;  for  while  its  density  at   -i~ 
that  of  frozen  uuTcury  amounts  to  154512, 

Mercury  is  sometimes  adulterated  with  lewd  and  l^fHTrnrtK? 
Bueh  impurities  may  be   readily  detti 
fluidity  of  the  mixture,  aud  abo  from  i; 
Bublimed  in  an  iron  spoon.     Th«- 
senwilde  at  ordinary  temperatures, 
feeble,  it  cannot  be  ebtinuited  with  a  : 
That  mercuT)'  i«  volatOe  at  coniriMm  t. 
ceived  by  suspending  a  sheet  of  l 
bottle  m  the  bottom  nf  w'hi.li  n  lii' 
f)u  removing  t\i\»  u- 


-J. 


r-n: 


reinaiii  a 
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nearest  to  the  surface  of  the  mercury  will  be  found  to 
i  whitened  by  its  vapour,  whilst  that  portion  of  the 
bich  is  in  the  hit^Iiest  piirt  of  the  bottle  remains  unaltered, 
I  the  feeble  volatility  oi  thia  metEil  at  ortiiuurj^  temperatures, 
tir  merely  forma  an  extremely  thin  stratum  immediately^ 
9  surface  of  the  metallic  bath. 

mercury  of  commerce,  when  it  cornea  directly  from  the 
I  in  most  instances  nearly  pure,  but  is  sometimes  contami- 
r  diasolring  small  qy untitles  of  other  metals,  and  almost 
Jy  contains  a  greater  or  leas  amount  of  oxide,  which 
I  disseminated  throuj^hout  the  m&»».  AVith  a  view  to  the 
|oa  of  these  impuritiefl,  mercury'  is  frequently  distilled 
(  iron  retort,  and  again  condensed  in  a  vesf^el  cootaiuing 
Jter.  For  thia  purpose,  one  of  the  wrought  iron  bottles  in 
|uick»ilver  is  imported  may  be  conveniently  employed. 
these,  after  being  about  half  filled  with  tbe  metal,  should 
nched  to  it  a  piece  of  iron  gas-pipe  bent  nearly  at  right 
ttnd  furnished  at  its  open  extremity  with  a  tube  formed  of 
layers  of  liuen  or  cotton  cloth,  and  of  wiiich  thti  end  in 
f  plunge  into  a  basin  eontatnmg  cold  wal4*r.  The  t>pen 
ly  of  the  iron  pipe,  together  with  the  piece  of  Uiien  Uotm 
I,  are  moistened  liy  a  constant  stream  of  cold  water,  which 
I  to  flow  upon  it  through  a  small  stojj-cock,  and  the  iron 

L heated  in  a  furnace  until  the  vapour  of  mert^iiry  bccinB 
utifuUy  given  otF.  The  ebullition  of  the  metal  is  ohon 
d  with  violent  explosiions,  and  care  must  be  taken  so  to 
I  the  heat  as  to  prevent  the  projection  of  any  part  of  the 
through  tbe  iron  tube  into  the  n-ceiver.  Hy  o[H'rnting  in 
f,  the  greater  portion  of  the  foreign  metals  arc  ri'taiiu'd  in 
irt,  whilst  the  mercury  passes  over  in  a  piirifii'd  wtnte  into 
*el  containing  the  cold  water,  A  certain  (joriion  of  the 
|es  is,  however,  by  this  process  carried  ovit  into  the 
t;  and  consequently,  when  an  absolutely  pure  stM.iiinen  is 
I,  their  separation  should  be  effected  by  some  otfjer  means. 
ftt  method  of  doing  this  is  to  treat  the  mercury  t<i  Iw 
t  with  cummon  nitric  acid  diluted  with  aboui  twice  its 
j  of  distilled  water.  The  whole  is  then  heated  to  iihtjut 
|ihr.,  and  nitrate  of  protoxide  of  mercury  will  fte  ni[>idly 
I  This  nitrate  and  the  free  acid  reiu't  on  the  Inreign 
present,  which  are  held  in  solution  in  the  fonu  til'  sails, 
ide  of  mercury  originally  present  is  also  dtM«i>lv«'fl  by  the 
jid  with  formation  of  a  jiitrnte.  The  iictioji  is  contmued 
^enty-four  hours,  and  the  inixture  orcastouully  ugitnted. 
f,  the  water  is  separated  by  evaponiti<ui  ;  and  Ihi'  nitrate, 
^aiuB  in  the  form  of  a  crystalline  cru«t  ou  VUi:  tkUV^njk:.^  ^1 

[  Q  li 
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*nie  V  inerctirr  is  no* 

vaabed  with  ;  water,  la  fir»l 

taibeeqiKmtly  by  eiposuiv  undser  a 
of  i^austic  liuie. 
toiled  by  A  slij^ht  odnilxtiOT  dl 
a£^tation  id  a  glass  boUiet 
«f  ilnai^  Cttlpliuric  acid.    By  tbie 

fXtremelT  small  globules,  wfakk 
iif  tlie  Mid.    At  the  expinitaini( 
far  ftnd  miff  be  pouixd  off,  and  tk] 

br  etrongbTdrocliloTicadiw 
W  eMUtioii.     Dilut'C  gulphuiic  aod 
il ;  \«t  if  caneentrated  add  be  empknvi  < 
«f  W«i»  n^iA^r  eoofnieil  into  sulphate  of 
It  tnfffy  of  sulphurous  add  gi 
villi  gml  energy  even  in  the 

r,  binoxide  of  nitrof^  i 

readiness  "with  certiin 
tin,  lead,  and 
aolutiona  of  tbocie 
amalgains,  and  this 

«        ^  ^  ertracting  gold 

■awl^B  in  giAun^  pktiug,  and  the 
llctnuy  n  beidei  the  basis  of  many 
'  «»  on  account  of  its  grw*  i 
of  its  expansion  and  eontraction  ui 

kboaiiiiBhed  temperature,  pteteinA' 
ftir  iDui^  tlie  tubes    of   thermometeii 
t%iB  wMi   is  likewise  employed  for 
I  wben  united  with  tin  and  zuie,  fomis  t)i» 
be  applied  to  the  rubbers  of  electrical 
«f  mmrvrr  is  emplojed  as  a  wash  for  rabbit  ami 
•fcnik.  ttid  erne  to'lheir  furs 'the  property  of  felting^  which  tli^< 
MtMtnfattypoi 
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%nlelLrti?rr ;    Merrure  natif;    Queckgifber,    in 
diaseminated  through  the  jL^Jn^ue^  occur;*  in  ro«irt  «jf 
'ueing  the  different  mereunai  ores.     It  is  usnAJIy  ml 
in  the  rock,  but  is  sornotiraes  ao  accumulAtedij 

%l>  tlian^t  o^  \)«im^  iKAi^^  di^^d  up> 
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b«t  vf  Serrory  ;  Mercure  sulfure  ;  Zinnober.  —  This 
crystallises  in  rhombohedral  prisiim,  but  most  eommonlj 
■t  b  an  ainoq)hoiu9  state.  Sulpburet  of  nuTciiry  ist  properly 
ang,  the  only  ore  of  that  nietfU,  and  in  distinijuished  by  ita 
rea  colour  and  bright  acarlet  «treak.     Its  lustre  is,   when 

roiLs,  UDmetallic  ;  btit  when  crystallisod,  ftdainaBtine.     It  is 
•ectile,  sud  in  most  instances  nearly  opaque, 
specimeua   of   tliia   mineral,   noalysed    by  Klaproth  and 
I,  yielded  the  following  reaulta  : — 

From  J«pan,  From  Idrift, 

analysed  by  Klaproth.    artJilyMd  by  L&befer*. 
Mercury  ....     84-50     ....     51-80 

Sulphur    ....     14-76     ....       8'20 

Bituminous  matter  .     ,     ,     .       B*80 

Gangue     ....  ....     3200 

Wiler ....      3  20 


9925 


10200 


that  this  Bubatance,  when  pure,  consists  of  one  atom 

nry  united  to  one  of   sulphur;    and  its  composition  ifl, 

•,    eipresaed    bv  the   formida    1\<^^.      Oinnaoar   nioatly 

1  connection  with  tnleose  and   arpjillaeeous  shale,  or  in 

ler  stratified  depoait.      From  the  volatUity  of  this  mineral 

found  in  large  quantities  in  crj'etalline  or  i^icfoua  rocks, 

small  specimenB  have  sometimes  been  observed  diasemi- 

gntnite.     When  the  ores  of  mercury  an?  met  with  iu 

rocks,  they  are  usually  found  in  the  form  of  veins  or 

t  when,  a§  u  sometimes  the  case,  the  matrix  is  sandstone, 

coinmooly  disseminated  in  minute  grains  throughout 

principal  mines  from  which  mercury  is  extracted  are  at 
in  Aui^tria,  Almaden  in  Hpain,  in  the  Palatinat-e,  on  the 
^  and  in  various  places  in  Peru.  Klines  of  this  metal  ha?o 
len  worked  in  Mexico,  Ilungarv-,  Sweden,  China,  and  Japan, 
I  M  at  Arqueros  in  Chili. 

Idria  the  sulphuret  of  mercury  is  worked  in  a  formation 

composed  of  a  compact  black  limestone  associat4?d  with  an 

ceous  schist,  with  which  it  is  so  intimately  mixed  a*  to 

to  have  been  formed   contemporaneouiily  with  it.     Tljti 

of  Idria  were  diaeovered  in  the  year  1497.     The  workings 

rried  on  by  means  of  small  gaueries,  as  the  nK'k  is  too 

to  admit  of  larger  excaratioDs.     The  ore,  whieh  is  prin* 

bituminous  ciuuabar,  aaaoeiated  with  nativt;  inrrcuryf  ia 

ed  at  a  depth   of  H50  feet  from  the  surfacu.     Thci  yvarly 

(taon  of  this  mine  mi^ht,  according  t«   Dr.  \3t«,  \m  «muX^ 


mnccBT. 


i  to  GOO  Britali  torn ;  but,  with  «  riew  to  roaintatninf  | 
erf*  meivaiT,  ike  AsalnMi  gofemment  haa  ^^  *-  ^-4 
1  jieM  to  ooe^Mrth  of  thai  9ttm.     In  the  yenr 

fire  oeeaired  ia  tiwae  wotUti^,  which,  froTii  inr 
titr  of  BtemoT  snblincied,  affected  mon?  than  90O  peraons 
aa^hwifffcooa  of  the  minea  with  nervous  tren  '  .ml 

«yaeaaBa;  and,  id  order  Io  extinsuisb  the  smoii:  ^^i 

il  «aa  found  neceaaan^  to  urandste  the  mine.     In  ;^nw  ^hm 
wUm  metaar  ia  ao  aoondaoti?  disaemiuated  lunoDg  th*^  ar>?  mi 
laitumaDmm  msbat^  ^ta^  wtai  the  ground  is  ftrat  broken,  :t  (< 
in  tke  fimn  of  hrgjo  glohnka,  wfaicb  run  down  and  collect  L 
aidf I  ahk*  qpantitiaa  in  the  bottoms  of  the  leveU.     The  pun 
aoMj  ia  fint  aepanted  bj  filtration  from  the  eftrthy  matt«ri» 
are  afterafank  merfianirally  treated  preTious  to  their  redi 
fanneea  prepared  for  that  purpoae. 

FWaa  tke  mines  of  Almaaeu,  which  are  Bituated  near  the  fr 
of  l&ftremadiin,  in  the  province  of  La  Maneha,  the   (Tnt-Vi 
said  to  hare  imported  cinnabar  at  least   700  year> 
Chriadan  Eka,  and  Plinj  statea  that  in  hb  time  lOOj 
an&aalljr  obtained  from  the  same  locality.    The  rein, 
from  14  to  10  jrards  in  thickneefi,  extends  from    tin 
Chiiloai  to  AinuraenejoH.  and  a  bbck   slate,  pleutifujlr 
Bated  with  metaUk  mercun,  18  mined  near  the  riniW 
Jiaoffiiea, 

lie  mines,  which  do  not  exceed  300  yards  in  depth,  Bi' 
exoaiated  in  argillaoeoua  schisi,  and  sandstone»grit  depotttai  ii 
horizontal  beds,  which  have  been  sometimes  interseetotl  by  art 
tions  of  gnuiite  and  bbck  porphvrr.      The  ore  thuiii  ejcttad 
yields  bv  nietalliirgic  treatment  on  an  arerage  10  per  , 
metal,  although  it  is  shown  by  analysis  that  conaidimbfe 
experienced  fining  the  opeimtion.    These  minea  aannally 
laq^  quantities  of  mercury. 

Near  these  celebrated  workings  lie  thi'  .isnxidi 

denejos^  which,  although  of  much  smalk  f  m 

siderable  weights  of  mercury.  The  mines  ottJ 
been  known  trora  remote  antiquity,  becwti'-  r  < 
gioua  knights  of  CalatTava,  aha  had  a> 
Moors  fr\)m  Spain,  and  who  farmed  o&  ;  .< 
brat«?d  Fogger  merchants  of  Augshourg.     tji  iir 

hare  been  explored  on  account  of  the  govrnu.u  Ji^, 

The  tiiines  of  the  Palatinate,  although  of  lens  ^xtenit 
above,  are  nevertheless  of  suffii     ^  ^  ^  ^ 


tion  of  the 
apcculatora. 


goTernmeiit,  by  v 
workings. 
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ixmBiderable  depth  from  the  surface.   Among  the  most  remarkabi 
ire  those  of  Drey-Koenigszug,  at  Potzberg  near  KusseL     Thee 
art"  nunk  to  a  depth  of  above  220  yards,  and  annually  produce^ 
;    30  tons   of  mercury.    The  mineral  is  a  i^e  sandstone, 
.^.     .^ly  impregnated  with  cinnabar. 

The  miuea  of  Hungary,  Bohemia,  and  the  other  parts  of  Gkr- 
man\\  are  estimated  to  yield  collectively  an  annual  supply  of  from 
S5  to  40  tons. 

The  mines  of  Guancavelica  in  Peru,  have  likewise  afforded  ft 
large  amount  of  mercury,  and  are  particularly  interesting,  from 
tlie  eircumsttance  of  the  quicksilver  being  directly  employed  ill 
treating   the  ores  of  gold  and  silver,  winch  are  so  abundantljrJ 
"        -bed  in  that  part  of  America, 

.'   South  American  miners  had  recourse,  in  1782,  to  the  mer- 
cun  extracted  in  the  province  of  Yun-naii  in  China,  where  the 
leparation  of  the  metal  is  eflected  by  placing  the  ore  in  pits  or 
»ellH,  previously  heated  by  a  fire  of  brushwood.     On  cooling,  tl 
qu'.kadver  becomes  condensed,  and  is  then  collected  from  resei 
,  where  it  is  depoetited  in  a  liquid  state, 

e  other  mineiilH  containing  mercury  are  of  but  little  com- 
mercial importance.  Cldoride  of  mercury,  or  horn  quicksilver,  iai 
a  iiiinend  of  a  greyish-white  or  yellow  colour,  and  conchoidat 
iro.  It  is  chiefly  found  at  Aimaden  in  Spain,  and  at  Moschel- 
^...-iberg  in  the  Palatinate,  where  it  covera  the  surlace  of  a  ferru* 
.  ginous  gangue,  and  sometimes  affords  distinct  and  well-definedj 
CfjstaL,  belonging  to  the  right  prismatic  system.  Specimens 
lliis  mineral  are  also  sometimes  obtained  at  Idria,  and  at  the  mine 
of  Horzowitz  in  Bohemia. 

An  iodide  of  mercury  is  found  in  some  of  the  Mexican  mines  i 
ita  colour  is  nearly  simuar  to  that  of  cinnabar,  but  of  a  somewj 
deeper  tint.    This  mineral,  which  was  discovered  by  M.  del 
has  not  as  yet  been  fully  examined. 

Native  ainalgam,  a  natural  alloy  of  mercury  and  silver,  will  be 
described  when  treating  of  the  latter  metal. 


MBTIUATlOHf  OF  MEBCtJBT. — SEPABATION  PKOM  OTHIB  MZTAX8. 

This  metal  is  either  directly  estimated  in  the  metallic  state,  or 
in  the  form  of  chloride,  UgiCl,  commonly  known  as  calomeL  Wliei^j 
it  li  required  to  sej)arate  with  great  accuracy  metallic  mercury  from 
iibstances  with  which  it  may  be  associated,  the  following 
:^;  ,  uijd  cnn  be  conveniently  employed.  A  long  tube  of  hard  glasft, 
m  i,  of  the  name  diameter  as  that  employed  lor  makm^  Cfte^«x^ 
tttJ^jries,  is  drawn  out  by  out}  of  its  eitremities,  in  t^e  'Wtt^  ^bvol 


▲SSAT  OF  THE  ORES  OF  MXRCUBT. 

her  irith  all  the  others  presont,  which  an?  precipitated 
t^  uirvtted  hydrogeut  are  thrown  down  in  tht?  fomi  of  tmlphurt" 

f  lat  reagent,  and  afterwards  treated  with  quick-Unie  and  diy 

•in   gaa^  in  the  way  aboTo   deei^^ribed.     The  sidphuret  of 
I  ^  decomposed,  and  the  metal  eollected  in  the  receiver, 

.  .  ,;;'  non-voktile  bodies  are  retained  in  the  combustion  tube. 
Ij) stead  o{  separating  the  mercury  from  ita  solution  by  sulphur 
^5tted  hydrogen,  protochloride  of  tin,  or  a  bar  of  metallic  iron,  is 
^^•jwiorudly  employed  ;  but  even  in  this  case»  if  accurate  results 
^a^  to  bo  obtained,  it  m  necessary  to  distil  the  precipitate  in  the 
"^ppanitus,  fig.  170. 
r  U'hen  protochloride  of  tin  is  thus  used,   the  merc*uria]  sol 

L  ^!  HI  »houfd  bo  first  rendered  acid  with  hydrochkiric  acid,  ai 
^EM  solution  of  the  chloride  added,  in  which  hydrocWoric  acid  had 
^^■MQ  previously  poured,  until  it  bad  been  rendered  perfectly 
^^^■Hd.  This  preeaution  obviates  the  necessity  for  filtrntion, 
^^^^B  would  otberwit^e  have  been  indi;§pensable.  W~hen  thia 
^^^^^kt  is  added  in  proper  amounts,  the  whole  should  be  heated 
^^^^Bnllition,  care  being  taken  that  the  boiling  be  not  too  long 
*^  continued,  aa  in  that  ca^je  there  would  be  some  danger  of  a  loaa 
of  mereury,  arir^ing  from  sublimatioD.  The  raoutli  of  the  flask  in 
wkich  the  precipitation  hujA  been  eflVcted  is  now  closed,  and  on 
cooling,  the  mercury  is  deposited  in  the  form  of  a  black  powder, 
which,  on  being  boiled  with  a  little  weak  hydrochloric  acid, 
becomes  united  in  one  globule,  from  which  the  liquor  is  reiidily 
decanted  off,  Tlufl  may  be  washed  with  hot  water,  and  subse- 
quently weighed  in  a  small  porcelain  capsule ;  but  where  great 
accuracy  is  recjuired  it  is  far  better  to  dry  the  black  powder  at 
first  precipitated,  and  afterwards  subject  it  to  the  combined  action 
of  heat  and  hydrogen  gas,  in  the  apparatus  above  described. 

The  precipitation  by  a  bar  of  iron  is  to  be  avoided  in  all  caseq^^l 
wHene  other  reagents  can  be  obtained,  and  in  this  case  a  sub»e>^^H 
qucMit  dint  illation  in  an  atmosphere  of  hydrogen  gas  becomes 
Sjxnost  iudi.H]ieu8able. 

An^my  uf  the  •res  of  Jicrcnry.^ — ^All  minerals  containing  mer* 
tsarVt  whether  in  the  metallic  state,  or  as  osdde,  sulphuret,  sele- 
liiurot,  chloride,  or  iodide,  admit,  after  being  reduced  to  a  fine 
powder,  of  being  assayed  with  considerable  accuracy,  by  distil- 
lation with  quick-Ume,  in  an  atmosphere  of  hydrogen  gaa ;  but 
wl.^n  ciimubar  is  the  compound  operated  on,  it  may  sometimes  be 
led  without  change  oy  being  strongly  heated,  without  the 
«.,  ..tion  of  any  reagent,  in  a  hard  glass  retort.  From  the  sublimed 
sulphuret,  which  is  collected  and  weighed,  the  per-centa^o  csi 
IDetaltir  mercury  in  readily  deduced,  Jis  every  lWV>  -^wVa  ol  ^^^fc 
URnnm*  ia  toun fl  to  corretipoud  to  8(i  parts  of  the  latter,  "YVvft  owa 
aomtmming  suiphurct  of  mvrcujy  are,  however^  not  unSTec^tsSX^ 
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hen  difided  into  two  classes :  the 
tike  ne  of  a  not  to  a  cubic  foot,  and 
from  that  of  a  out  to  th« 


neinldm  ooomnsM  three  stibdinfiions;  namely,  th« 
meeio^  wttar^Dg  otify  one  per  cent,  of  niercurv' ;  the  maaNaw 
pottfvt,  eooRftillg  of  the  richest  {^elected  fragrncntd,  of\en 
itig  SO  per  cent-  of  oiet-al ;  and,  kstlv,  the  splinters  ariain^  item 
tht*  picking  and  sorting  of  the  didereut  ores,  and  which  yidd 
from  I  up  to  40  per  cent. 

The  second  c\m»  b  ulflo  subdivided  into  tUr^v  vnriettcst,  and 
toropri«eii  tin?  fnigmenta  extrnctrd  from  the  i  nmU  {it^f^ 

and  whi(?h  on  aii  average  nrtbrd  from  li)  t<»  12  ,  _i-  of  mtiillw 

merciir)' ;  bits  of  ore  Hcpnrntr^d  by  washing  oo  a  Mi^ve,  aikd  ixni* 
tain-  -  '"  '  or  eent>  of  nietjU  ;  auci  Usily,  th©  finp  auid  and  pt^ 
i.i,  1 1  ,  n l>t n\  ned  by  stanipitt^  Ukd'  wadiinir  the  piwcvr  fifc< : 


abtik 
tkme 


St    *^<*»   n^Kn  f 


^c-w  Irkl 


wa^ 
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.  of  Ifirffc  chambers  arranged  on  either  side  of  the  furnace  for 

ai.f mrfttiia  consists  of  a  large  roasting  kiln,  jl,  figa,  171 
17  1  >ed  on  either  aide  with  a  aetieu  of  chambers^  c,  in  which 

tk^  4...<v..tml  vapours  arc  condensed. 


171. 


iUUi 
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The  larger  fragments  of  the  mineral  treated  are  closely  piled  on 
the  hollow  arch  a  a,  until  the  space  between  it  and  the  next  has 
been  entin4y  filled  with  it.  On  the  second  perforated  arch, 
6  A»  are  placed,  in  shallow  eiirthenware  pipkina,  the  fra^ieiita  of 
ffliial)(*r  dimensions,  and  on  the  third,  c  c,  are  deposited,  also  in 
earthen  vf>asek,  the  slimes  arijsing  from  the  mechanical  treatment 
of  the  poorer  ores. 

When  thu  furnace  has  been  thus  charged,  the  fire  is  lighted  on 
the  j?rute,  nnd  the  heat  progreasivelv  raised  until  the  decuniposi* 
tiou  of  the  mineral  begins  to  take  place.     The  sulphuret  of  mer- 
mtrx    placed  in  immediate  contact  with  a  current  of  heated  and 
:\y  oxidising  air,  which  enters  the  furnace  through  apertures 
rig  into  the  spaces  o,  h,  is  sublimed  and  rapidly  decomposed, 
•    the  metallic  products  are  conducted  by  proper  channela 
into    the  condensing  chambers  c.     The  greater   portion  of  tho 
tnercuiy  becomes  condensed  in  the  three  first  chambers,  and  is 
Cond\irtj*d  by  the  gutters  jr  y  r,  a:'  y'  2'  into  a  covered  rea*jr«ovi, 
prrparr'd  f<»r  it*  reception  beneath  the  level  of  t\\e  Woox.    \Ti^'b 
fiL      '       'hto/  the  tterieHj  a  considerable  amo\ii\t  ot  N«aXftT,«iA 
iitJe  mtTcarj,;  js  eoudeuaniL    These  fioducU  wc«,  «». 
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aooount  of  tbe  impurities  which  they  contain,  CAiriod  off  br  t 

separate   set  of  gutters,  to  a  tank,  in  which  they  are  alkflPNll 
accumulate.     The  mercurial  dust   which  ctmtaniinate®  thff 
obtained  from  these  latter  chambers  is  Bub8ec|ueDtlj 
filtration,  and   mixed  with  some  of  the  finer  oree,  to 
treated  in  the  furnace. 

In  order  etfectually  to  condense  the  last  trace  of  merevtf 
ing  through  the  apparatus,  a  atream  of  cold  water  \m  euti«laKith 
made  to  flow  through  the  chambers  d,  on  indioed  tJibleak  ttimi' 
ing  nearly  from  one  wall  to  the  other  of  the  biiildiuL;,  tkud  \mt^i€n 
these  the  vapour  and  ga»e»  are  obliged  to  circukte  before  aMmptii^ 
through  E  into  the  atmosphere. 

The  mercury  is  afTtenvards  tiltered  through  thick  ItDoti  bags,  to 
separate  the  BoLid  impuintieti,  and  subsequently  pi^tked  iii  wnw^b 
iron  bottlea  for  exportation. 

This  arrangement^  which  is   perhaps   the  largest   racianuipe 
erection  in  the  world,  is  cliarged  in  tliree  hours  by 
labour  of  40  men.     The  wootl  employed  ad  fuel  is  u- 
and  the  distillation  lajsts  from  lU  to  12  hours,  during  wtucii 

the  whole  furnace  i«  kept  at  a  cherry-red  heat,   A  cMMmplcle   '    

for  the  double  apparatus  i»  from  10(Xi  to  1200  quint  alt  of  ow; 
which  produce  from  80  t<:>  90  quintals  of  metallic  mercnrr,  Th# 
furuace  requires,  according  to  the  geaaou  of  the  year. 
BLS  days  to  cool,  and  therefore,  when  the  time  necesaai^ 
ing  and  w^thdrawing  the  residue  is  included^  but  one  dii 
con  be  made  in  the  course  of  a  week.  Tliis  furnace  is  180 
long,  and  30  feet  in  height ;  it  was  first  erected  at  Idrim.  in  tbe 
year  1794,  before  which  time  an  aludeUe  furnace,  similar  to  thil 
now  to  be  described,  was  employed. 

In  the  year  1812,  the  mines  of  Idria  yielded  56,fiS6  quintmbcif 
tnechanically  prepared  ore,  which  ailbrded  4,832  quinUiJ»>  or  about 
81  per  cent,  of  mefculHc  mercury. 


A^LUnELLE  FtruifACB  OF  JkLHAX>E3l. 

This  apparatus  is  represented  in  figs.  173  and  174,  of  whidi  tkl 
£b^t  is  a  vertical  section,  and  the  eecond  a  >>  Tb«i* 

furnaces,  which  are  called  in  the  countrv  6  -^  of  a 

circular  chamber,  a  b,  separated  into  two  coiiipttriuikUiU  by  a  Insiek 
arch,  ^,  pierced  with  nmneroua  apertures.    The  mtntral  U  pilnliA 
;e  B,  above  the  arched  <'  iias»«a  biang 

first,  and  the  smiiUor  fm  _  .. -  top  ia  ^hm 

rered  with  wol't  tinr  H^Jkk 


t  the  upper  cxlr       ^  ^  , 

^f/f  which  comm\mi<MXii^a<tk  t^  t«tvica  ^  ^wcOqm^ 
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into  each  other,  and  resting  on  the  doubly  inclined  surface  of  the 
terrace  a  be.     These  earthen  pipes  or  aiudellesj  fig.  175,  aro  merely 


175. 


174. 
thrust  into  one  another,  and  luted  with  a  little  softened  loam,  by 
which  the  leakage  of  the  joint  in  peurtially  ob\datcd.     The  con- 
densed  mercury   nartly 
remains  in  the  aluaelles, 
but  another  and  larger 
portion  flows  through  a 
hole  pierced  in  the  alu- 
delle  placed  at  th^  lowest 

part  of  the  series,  and  is  collected  in  the  gutter  6,  by  which  it  is 
conducted  through  wooden  epouta  into  the  receiving  basins  r 
The  uncon dense dgasea,  mixea  with  the   mercurial  vapours, 
through   the  apertures  c  c,  into  the  chambers  c,  where,  passi 
uncJcr  a  diaphragm  e,  a  cert4iin  portion  of  metal  is  deposited  in 
\ easel  i,  tided  witli  water.   What  still  remains  passes  into  the  up[ 
part  o1   the  chamber,  from  whence  it  escapes  into  the  atmosphero ' 
through  a  small  chimney,  e.     The  mercurial  soot  which  acc^smsi;' 
latcs   ou  the  aides  of  this  chamber  is  occas\OT\Bi5iy  %^ei^X  ^tyf^tv^ 
and  after  being  kneaded  into  bricks  Willi  t\ie  oAdiUou  oi  wi^WJOR^^ 
if  4tfaui  treated  JDfl  aubs^quent  operation. 
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The  foel  employed  is  brushwood,  which  being  ignited  in  ■ 
space  A,  beneath  the  arched  diaphragm,  aflbrde  the  amount  of  l 
neceasaw  tor  the  proper  working  of  the  furnace.  The  ftlodiJbi 
nre  phiced  in  12  rangea  of  25  in  each  set ;  the  fuel  i«  introdaai 
through  the  opening  d,  and  the  smoke  and  other  producU  of  cots- 
bastion  are  carried  oif  by  the  chiranej  F,  a  are  the  steps  li* 
mounting  on  the  top  of  the  furnace,  nmdff  a  small  gutter  br  wVh.^ 
the  rain  water  h  c^orried  off.  The  mineral  is  introduced  into  ibe 
furnace  through  the  door  A  and  opening  o,  which  are  afterwardi 
Becurely  Itited  up. 

The  firing  is  continued  during  12  or  13  hoars,  and  the  apparatui 
is  then  allowed  to  cool  during  3  or  4  days;  at  the  cipintnnn 
of  which  time  it  ia  cleaned  out,  and  again  charged  for  atiotbif 
operation. 


OLLLSlir    OF    THE 


PALATINATE.  —  APPARATrS 
LAND8BEB0, 


EICFLOTZD   IT 


In  the  Duchy  of  Deui-Fonts,  where  considerable  qiumtittes  d 
mercury  are  eitracted^  a  peculiar  apparatus  called  a  gallery  is  esft- 
ployed.  The  miueral  here  treated  consists  of  a  mixtofe  of  sul- 
phuret  of  mercury  and  carbonate  of  lime,  which  is  he^ited  in  a  kind 

I  of  earthen  retort,  or  cucurbit  y  of  which  several  are  arranged  in  odo 
fuTDOce,  as  shown  in  fig.  176.     The  number  of  cucurbits^  a,  oOfr 


i 


tained  in  one  gallery,  fam 
from  30  to  52,  and  to  each  of 
these  is  adapted  a  stone-waie 
receiver,  B,  partially  filled  witli 
cold  water.  Into  each  of  thfl 
retorts  are  introduoed  fijoia 
56  to  70  lbs.  of  cinnabar,  and 
from  15  to  18  lbs.  of  quick- 
lime, a  mixture  which  should 
iill  about  two-thirds  of  its 
capacity. 

The 'sulphuret  of  mercury 
19  in  this  case  decomposed  \sj 
the  lime;  sulphuret  of  calcium 
and  sulphate  of  lime  are  formed, 
and  the  liberated  metal  is  con- 
176-  densed  in  the  stoneware  bot- 

tles. The  iael  employed,  which  is  pit  coal,  is  burnt  on  a  grate 
which  is  Mituated  at  c.  The  dome  is  perforated  with  openings  fiir 
the  purpose  of  creating  a  draught. 

To  obviate  t\ie  mcoiwemeiicfc  scu^  Vi'i»  t-ki^iSiTtevikSSRd.  by  the  Dld«r 
^thods  of  diat^iS  t^ereviry  ^^^^ ^^ ««fi^  '^>»«^. 


Dr*  Ure,  at  Landsberg, 
lem-kreifi.     This  ammgement 
form  indicated  at  a,  fig.  177. 


ciiely  in  the  same  my  as  those  employed  in  the  manofactiire  of 
"  gaa,  and  are  fitted  at  one  end  irith  an  eduction  tube  6,  and  nt 
other  witli  an  air-tight  stopper,  kept  in  ita  place  by  an  iron 
w.  The  eduction  pioea  are  each  furnished  >*ith  a  notzle,  Lj 
dosed  by  a  ocrew  plug,  torough  which  a  wire  may  be  introduced, 
to  aacertain  that  toe  tube  is  clean,  and  free  from  any  obstruction 
occaeioned  by  adhering  mercurial  soot.  In  connection  with  the 
pipes  hf  is  a  large  condenser  c,  of  cast  iron,  18  inches  in  diameter, 
and  filled  with  water  to  /),  a  little  above  the  level  of  the  pipes.  It 
is  also  furnished  with  a  water  valve,  ^,  by  which  any  danger  of 
explosion,  caused  by  the  mounting  of  the  liquid  into  the  retorts,  ia 
entirely  prevented,  and  the  temperature  is  further  reduced  hfA 
placiiig  the  pipe  in  a  large  wooden  trough  i,  through  which  a  cur- 
rent of  cold  water  is  constantly  made  to  flow.  The  cylinder  c  is 
likewise  made  shghtly  to  incline  towards  n,  so  that  the  condensed 
quicksilver  may  readily  flow  along  its  bottom,  and  passing  through 
the  vertical  pipe,  be  collected  in  the  closed  iron  chest  E,  which 
is  secured  by  a  lock  at  A.  The  tube  d,  is,  from  the  commence*] 
ment,  closed  at  bottom,  by  dipping  into  a  ehallow  iron  cup,  filled 
with  mercun',  and  the  progressive  accunvulat ion  of  the  quicksilver 
is  indicated  fcy  the  position  of  the  graduated  iron  float  L  These 
retorts,  like  those  employed  in  the  manufacture  of  gas,  are  con- 
stantly maintained  in  a  uniform  state  of  ignition,  and  thus  the 
damage  done  to  the  joints  is  entirely  obviated.  Each  retort  will 
contain  a  charge  of  ore  weighing  5  cwt,,  from  which  the  metal  ia 
almost  totally  expelled  in  the  course  of  three  hours. 

This  apparatuM  ia  evidently  much  aiunenor  in  principle  to  those, 
already  described,  and  is  particuhirly  adapted  for  the  treatment 
the  ncher  vAiietios  oforo^ 


^ 


t»«iieiiiiaepeeor«  ^m^ 

md  when  aM  rspom  are 
aeoekntod.    Tlib  oxuiatk»  ol'the 
of  tlie  weakest  acidi,  aid 
iHadi  gjineii  n<e  to  tlie  fonaalMMi  dtt 

himns  with  the  acid  preseal;  aftirdi  a  vlufte 

afield.    "Bren  ditttiUed  water,  from  its  afinHr  fioroxidft 

the  oxidatiofi  of  tliat  metal ;  am^  fiitNii  tlia 

are  rapidly  L-orroded  when  uaed  aa  reseiroirs 

A  bar  of  lead,  placed  in   distilled   water  and 

t»1^air»  rapidlr  bccomea  coated  with  a  white  coating  of 

irhich  8ubMi»t|ueiitly  absorbs  carbonic  acid,  and  ii 

iato  a  hydratcd  efirbonate  of  lead,  which  frequeul 

jiTtniin  Bcalca  on  the  surface  of  the  mctaJ. 

^  inJlBt  \a  mNwr'wib^^usvd  to  hold  a  portion  of  J 
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m  solution,  whicK  ia  readily  proved  by  ita  becoming  brown  on 
passing  tlirougb  it  a  current  ot  Huluhiiretted  bydrugeB  gsa. 

From  the  tendency  eihibited  oy  lead  to  form  soluble  Balis, 
H  ought  never  to  be  used  for  the  manufacture  of  tanka  in 
which  water  for  domestic  piirpoBes  is  to  be  kept,  as,  from  the 
poisonous  nature  of  these  compounds,  the  worst  efiectfl  have  fre- 
quently resulted. 

The  action  of  water  on  lead  is,  however,  found  to  be  much 
diminished  by  the  presence  of  small  quantities  of  various  salts, 
and  particularly  sulphate  of  lime,  wliich  has  the  property  of 
almost  entirely  preventing  the  oxidation  and  solution  of  this 
metaL 

The  lead  of  commerce  often  approaches  chemical  purity,  and  i» 
then  ertremelv  soft  and  malleable.  AVTien  lead  ot  stilf  greater 
purity  is  retjuired,  it  msvy  be  procured  by  reducing  in  a  lined  cru- 
cible oxide  of  lead  obtained  by  the  decompoBition  of  crystallised 
nitrate  of  lead.  Lead  is  but  lecbly  attacked  by  hydrochloric  acid, 
eren  when  concentrated  and  boiling.  Weak  sulphuric  acid  doeg 
not  act  on  lead  when  the  air  m  excluded  ;  but  if  heated  in  strong 
lulphuric  acid,  Hulphurous  acid  is  evolved  and  «ulphate  of  load 
formed*  The  only  proper  solvent  lor  lead  is  nitric  acid,  which 
oxidises  it  rapidly,  and  forms  with  its  oxide  a  salt  reatlily  crystal- 
lising on  cooling  in  opaque  octahedrons. 
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[Lead  is  rarely  found  in  a  native  etate,  but  is  usuailj  in  combina- 
tion with  one  of  the  non-metallic  elements,  particularly  sulphur. 
It  also  oenurs  with  oxygen,  scleJiiiim,  arsenic,  tcDurium,  and  various 
acids.  The  ores  of  leatl,  with  the  exception  of  plumbo-rcainite, 
are  fusible  before  the  blowpipe,  and  when  fluxed  with  a  little  car- 
bonate of  soda  on  a  charcoal  support,  yield  a  globide  of  metallic 
lead.  The  metal  thua  obtained  pa^ssee  off  in  fumes  when  heated  in 
the  outer  Haiiie,  aud  stains  the  charcoal  of  a  yellow  colour. 

KfttiYe  Lead.— The  charat^ters  of  native  lead  are  precisely  siniLlar 
to  thoee  of  ordinary  commercial  lead.  It  is  a  rare  substance,  of 
which  apecimens  have  been  found  aasociated  with  galena  in  the 
county  of  Kerry,  Ireland ;  and  in  an  argillaceous  rock  near  Car- 
tbagena,  in  Spain.  Native  lead  has  also  been  procured  at  Alston 
Moor,  in  Cumberland,  whero  it  occurs,  diasemmated  with  galena, 
in  a  siliceous  rock. 

9xlde  of  Lead  !  Massicot;  Bleifffatie. — Is  a  pulverulent  mineral 
of  a  bright  red  colour,  sometimes  mised  with  yellow,  aud  is  a  mix- 
ture of  diilerent  oxides  of  lead,  aiibrding  a  metallic  globule  ^1 
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heated  on  a  cbarcoal  suppoi't  before  the  blowpipe.     It  luaiftr 

occiira  associated  with  galena,  aud  ia  fouud  in  Bmull  ( -• 

many   lejvd   mines,   particularly   in    those    near   Ai 
and  at  Grra&s  Chapel,  iu  Yorkshire.     From  the  cornpat 
quantities  of  this  ore  which  occur,  it  is  of  but  little   i'- . 
portance  to  the  metaDurgiat. 

Clilortde  of  Ijcmd  |  Phmb  cMorure  ;   Safesanres  Btei  nm 
— Chloride  of  lead  occurs  in  the  Mendip   HiIIb.  iu  tbe 
lameUar,  shining  inaseeB,  of  a  greyish-white  colour.      It  is 
found  deposited  on  a  matrix  of  black  oxide  of  mi 
a  apecilic  gravity  of  707.     Wlieii  treated  befor-  ^ ^ 

decrepitates,  and  fuses  into  a  globule  of  a  yel]ow^»|j.v^i1l^e 
if  heated  on  a  charcoal  support,  metallic  lead  is  obiaintfd* 
primitive  form  appears  to  be  a  right  rhombic  pri&m  under  aa 
of  102"  27'.     This,  although  an  exceedingly  rare  miaenil,  ti 
wise  found  in  the  lavas  of  Vesuvius, 

ttul|»l]iirFt  «f  Lcftil ;  Galena;  Galenf  ;  Bleigltng, — Thw 
caystallises  in  the  cubic  By»tera,  aud  occurs  bath  in  tlie  _ 
and  variously  moditied  forms.  Its  cleavage,  which  is  mulilf  < 
tained,  ia  cubic,  and  extremely  perfect.  It  more  rareiy  occtm  a 
a  finely  granular  state,  aud  is  sometimes  found  in  fibroiw 
Compact  specimens,  although  occasionally  met  with,  are  of 
ratively  rare  occurrence.  Its  colour  aud  streak  are  lead*erff; 
fragile ;  lustre  metallic  ;  specific  granty  from  75  to  77,  Wwp_ 
pure,  it  is  composed  of  lead  86*55,  aud  sulphur  13*45.  \U 
position  ia  represented  by  the  formula,  PbS.  The  lead  in 
mineral  is  abnost  invariably,  to  a  greater  or  letss  extent, 
with  silver,  which  appears  to  replace  it  according  to  th^  liWfrf 
isomorphism.  "When  silver  ia  thus  present  in  the  ore,  it  iT«t»«i 
the  name  of  argentiferous  galena,  and  becomes  a  vaiuablo  «oaLnt 
of  that  metal. 

The  analysis  of  an  ar'gentiferous  galena  &om  ScbetimiU  oflbcM 
to  Beudant  the  following  results : — 

Lead    ....  "'» '•^> 

Silver  .     ,     . 

Sulphur  If 


It  also  frequently  happens  that  gnlena,  in  iid*!'^*  ••   * 
phuret   of  silver,   likewise   contains   variable   k^ 
iulphurets  of  antimony  and  bismuth,     Thr  v- 
i»tances  often  a]>j)ears  to  alter  in  a  certain  (h* 
'it'  mixicrul;  uud  thune  M|>et-intt<n«  of  wbi*.  i  tiu  uuiiiufl-  mi 
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t  B8  tlioae  which  preBent  a  bright  steely  fracture,  will  gene- 

)n  examinatioD,  be  found  to  contain  this  metal. 

veins  producing  galena  occur  in  granite,  liniestone,  argiUa- 

and  sandstone  rocka,  and  frequently  yield  at  the  8ame  time 

'copper,  silver, and  zinc.     Tbe  matrix  on  wWicU  this  ore  hm\ 

deposited  ia,    in   most  cases,  either   quartz,  carbonate 

Ittor  imar,  or  Bulphatc  of  baryta.     The  rich  lead  mines  o^ 

eat  of  Eugland  occur  in  elay-slate;  tliose  of  Derbyshire, 

ihe   other    northern  districts,    are    situated    in    limes*tone, 

also    contains    the    extensive    deposit    of    Bleyberjj;,   and 

ighbouring  districts   of  ("nrinthia.     In  the   Upper  llartz, 

Prizibraai  in  Bohemia,  the  lead  mines  are  found  in  clay- 

at  Freyber^  in  Smxouv,  in  gneiss;  at  Salik  in  Sweden,  m 

Uised  limestone ;  and  at  Lead  llilla  in  this  country,  in  grau- 

Valuable  deposit?*  of  galena  are  alao  worked  in  varioua 

of  France,  and  particTdarly  at  lluelgnat  and  Poullaouen,  in 

tny ;  at  Pootgibaud,  Puy-de-Dome,  and  at  Villefort  in  the 

krnent  of  Lozere.     In  Spain,  snlphuret  of  lead  is  extracted  in 

ili^j  Grenada,  the  granito  hill?*  of  Linares,  and  elsewhere. 

Netherlands,  galena  Ofcun^  at  Vedrin,  not  far  from  Namur ; 

oy  ;   Bohemia ;  at  Joachiaistahl,  where  the  ore  ia  principally 

id'  for  silver ;    and  in  Siberia,   where  argcntiferouH  galena 

in  limestone  in  the  Daouria  mnimtains.    Extensive  deposita 

ore  likewise  occur  in  the  United  States  of  Amenca^  parti- 

^  in  those  of  Missouri,  lUinois,  lowa^  and  WiHconsin. 

roplifmhife  m  a  variety  of  galena  containing  245  per  cent. 

buret  of  copper.     It  ia  a  rare  mineral,  obtained  from  Chili. 

•enoysite  ia  an  arsenical  ore  of  a  dark  steel -grcv  colour,  from 

iolomite  of  St.  tiothard. 

tieniuret  of  hnd ;    C/austhafite  is  a  Tiiineral  of  a   lead-grey 

■r  and  granular  fracture.     When  heated  before  the  blou-pipe, 

ies  o^  the  odour  of  borse-radish.     It  occurs  in  quantities  too 

1  to  render  it  of  any  practical  VEdue  as  an  ore  of  lead. 

iriinnitte  of  Lenil ;  Phnifj   earbonfi/e  ;    Bhi   Vurhoimt. — This 

p\  18  charaeteri:sed  by  its  white  colour  and  adamantine  lustre, 

found  in  aeieular  crystals,  in  radiated  and  compact  ma»=ises,  in 

etions,  and  in  earthy  deposits.     All  these  varieties,  with  the 

jtion  of  the  laat-mentioned  species,  posHoss  tbe  peculiar  lustre 

^ng  to  wliite  lead.     It   sometimes  happena  that  crystallised 

lens  of  this  substance  are  nearly  hhwk :  this  arises  from  the 

ice  of  small  quantities  of  sulpfmret,    probahlv  due  to   the 

position  of  galena,  with  wbich  carbonate  of  [ead  in  UHually 

associated.     It  is  an  extremely  brittle   ininerah  and.  wheuJ 

Irhous,  e.ibibltB  a  coneh'Mdal  fracture.     Wfien  treated  with 

flcid,  it  dwaoWeSf  with  evolution  of  carbomc  %c\Ol  l^\  \^ 

II  H 
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18  is  now  ground  in  n  mill  with  a  due  admixture  of  water,  imd 
hca  it   has  »«sume<l  the  form  of  an  impalpable  paste  is  run  oS' 

d  lurge  reservoirs,  wliere  it  deposits  iti  uccordaiice  with  its 
sity.     The  wet  lead^  iii'ter  being  removed  froui  these  ciwtcrna, 

firet  dried  in  L*irj^e  »to\ed  by  a  steftiu  heat,  and  subsequentlj 
ground  in  oil  for  ti»e  market. 

Ilttlphfttc  or  Lead ;  Phmh  sulfate ;  BhitntrioL — This  substanee 
cr\Bl;inise3  in  ri^ht  rhoiubir  prisma,  which  have  an  imperfect 
atcral  cleavage,  and  are  often  slender  and  iinpianted.  Specimens 
pf  sulphate  of  lead  in  uiimirphous  ninssew,  and  in  lamellar  and 
nular  fragments,  are  also  oreasionaJlj  found-  Its  colour  ig 
hite,  sometiniea  inclining  to  grey  or  green.  Lustre  adamantine, 
iritreoud,  or  rt^sinous.  IMay  be  either  opaque  or  perfectly  trans- 
larent.  "NV^hen  pure,  it  eon*<ists  of  73  per  cent,  ot  oxide  of  lead, 
17  of  sulphtiric  aeid.     If  heated  with  carbonate  of  i^oda  betbre 

e  blowpipe,  it  atfordti  a  globule  of  metallic  lead.  It»  composi- 
&on  is  represented  by  the  formula  PbO,  !SOj. 

Thia  mineral  is  usnaUy  ai*sociated  with  galena,  by  the  oxidation 

the  elements  of  which  it  appears  to  be  formed. 

Pine  specimens*  of  thia  ore  are  found  in  the  lead  mines  at 
Lrad  Hills  and  WanJoekhead,  us  well  as  at  Huelgoat  in  France 
Dd  in  the  States  of  Rliasouri  and  AVisconBin  in  America:  it  does 
x>t,  however,  occur  in  snfficient  quantities  to  be  i-egarded  as  an 
ODportant  ore  of  lead.     Its  density  '\&  about  6'3. 

Cupreous  Jnglexite  ia  a  hydrated  blue  double  sulphate  of  lead 

d  copper,  sparingly  found  at  lioad  Hilitj  and  Koughton  Gill. 

FhONpbate  of  Lead  ;  Flomb phosphafr  ;  Bunfbfeierz. — This  mine- 
nil  occura  in  hexjigonal  prisuis  of  a  bright  green  or  brown  colour. 
Cbeae  eryetalii,  which  have  a  lateral  cleavage^  are  often  nearly 
traBApareut,  and  have  Bometinies  a  hue  oninge-yellow  colour, 
denred  fipom  the  presjence  of  chromate  of  lead.  This  nuneral  has  a 
VpeeiJic  graWty  varying  from  &5  to  71,  and  aiforda  a  white  streak. 

Besides  being  found  in  crystals,  it  sometime:*  occurs  in  globulee 

d  reuifonn  ma»Hes,  with  a  radiated  Btnicture.  The  composition 
of  tiro  BnecimeiiB  of  this  substance  examined  by  Karsten  proved 
io  be  as  follows : — 


Phosphate  of  lead 
Chloride  of  lead 
Phosphate  of  Unie 
Fluoride  of  calcium 


From  Bohemia. 
.     H0"2G8     , 

,      (J771     . 
.      0137     . 


From  Cornwall. 
.     89*110 
.     10071- 
.       0«82 

.    oiao 


100004  9999a 

Thi«  composition  indicates  the  prej^ence  of  l\\T<?e  et\\ttvii^tTv\A  ^1 
jftmiphMte  of  Jmtl  united  to  one  equivalent  of  l\\e  e\Aor\^e  ^^  ^X\e 
Fhoapkati^  Qj'  load  k  to'^d  m.  mati^   ol  ^^  \^^ 


97-001  Wsivr  l.%iiOL 
f  ■  jvAwah   or 


lead  nv  mar^  or 
in  snSKni  atwimTaniy  Id  albv  of 


Tliif  metal  it  BfoaDj  eetiiiuied  lijr  cbdoWji  m  tli^^  |bn~ 

fbila,  nlthflucli  it  b  •onetnoes  wvtglied  &^  id  fmiCDii^'; 

i>ooftte  bjr  ike  AddiUon  of  an  albvj  :.< 


•  par 


and  vrpighpd  as 

ir  ill  thi«  n«ult  lo: 
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>«)rtloii  of  the  oxide  thus  obtained,  a  drop  of  nitric  acid  ahoidd 
<\  to  the  oxide  after  its  ignition;  on  again  heating  this, 
M.iatc  ofiead  tit  first  produced  is  eutirely  decomposed,  and 
protoxide  tit  for  weighing  is  the  result.  Precipitated  carbo- 
uf  lead  eliould  not,  however,  be  caiciiied  in  a  platinum  vessel, 
however  carefully  the  matter  may  have  been  separated  from  the 
r  on  which  it  haa  been  collected,  small  filaments  of  the  paper 
liable  to  remmn  in  contttet  with  it,  and  these^  by  edeeting  the 
action  of  a  portion  of  the  oxide,  would  cause  the  deatruction 
the  vessel  in  which  the  operatiou  is  conducted.  In  calciuljig 
carbonate  employed  in  tbe  estimation  of  this  metal  it  should 
be  carefully  removed  from  the  filter,  wbich  is  to  be  burned 
,  and  its  aalies  added  to  the  calcined  carbonate  ;  siDce,  if  this 
ution  were  not  attended  to,  a  large  prtrportion  of  the  result- 
oxide  wouhl  be  reduced  by  the  carbon  of  the  filter.  Wben 
'hat<?  of  lead  is  to  be  calcined,  the  operation  may  l^e  conducted 
B  jjUitinum  crucible,  provided  that  the  portion  which  separatee 
dilv  i'mm  the  filter  be  alone  introduced.  The  filter,  with  its 
ering  »ulpliate,  should  then  be  plitced  in  a  porcelain  crucible, 
Kn*^  J^nitted  ;  to  the  residiio  thus  obtained  a  drop  of  sulphuric  acid 
<|nently  added,  and  after  heating  to  rednesa,  the  residue 
-i»,«^,  L V  considered  aa  aulpbate  of  lead,  and  its  weight  added  to 
that  of  the  portion  detached  from  the  filter  at  the  commenceraent 
f  the  operation. 
Lead  is  separated  from  the  alkaline  metals  either  by  a  current 
of  sulphuretted  hydrogen  gas,  or  by  the  addition  of  a  aolubk* 
BOilphate  or  riirbonate.  It  is  Bcpamted  from  magnes^ia,  aluuiiim, 
ron,  manganese,  chrt^mium.  cobjiJt,  nickel,  zinc,  and  many  other 
H>die8i  by  the  alkaline  sulphates  or  Hulphuretted  hydrogen.  Cad- 
iuni  and  copjM^r  are  separated  from  lead  by  the  addition  of  an 
"ine  Bidphate  to  their  solution  in  nitric  acid.  From  titauiuxn, 
is  separated  by  passing  a  current  of  sulphuretted  hydrogen 
through  tlieir  strongly  acid  solution,  by  which  means  the  lead  is 
entirely  precipitiited  as  sulnhun't,  whilst  the  titanium  remains  in 
aolution.  Lead  la  sepamteu  from  tin  by  first  precipitating  together 
the  two  metals  by  a  carbonated  alkali,  and  tlieu  treating  the  cal- 
cined precipitate  with  nitric  acid.  By  this  means  the  oxide  of  lead 
m  dissolved  in  the  form  of  nitrate,  whilst  the  tin  remains  in  the 
glmte  of  insoluble  stannic  acid.  This  is  separated  by  filtnition, 
aaht^d  with  diatLUed  water,  dried,  and  weighed. 
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The  Ist  clasa  comprebends  all  the  ores  of  lead  wliirh  rnntai 
neither  sulphur  nor  arsenic,  or  in  which  tbeve  bodiee  arv 
in  small  proportion  only. 

The  2nd  class  compnE^ea  sulphiiret  of  lend  or  /^enn, 
with  all  lead  ores  containing  aracnic,  or  sulphur  or  arsenic, 
phnric  acid. 

From  the  facilitr  with  which  this  metal    is    sublimnl  iM 
strongly  hcutodj  it  is  neccssan^  t^j  conduct  the  assay  of  its  oitsll 
a  moderate  temperature,  m  n  notable  quantity  of  the  rwiucpd 
would  otherwise  be  driven  off  iu  the  strtte  of  vapour. 

The  furnace  best  adapted  for  making  lead  assays  ia  coo 
similarly  to  that  used  for  the  fusion  of  the  ores  of  iron,  but 
much  smaller  dimensions.     P^or  thia  purpose,  the  intomal 
for  the  reception  of  fuel  should  be  1)  inches  square,  and  the 
of  the  throat  from  the  fire-bars  about  13  inches.     Fi.r  or 
ores,  a  furnace  8  inchea  square  and  10  inches  in  . 
found  amply  sufBcient ;  but  as  it  is  extremely  easy  i* 
a  damper  the  heat  of  the  larger  apparatue,  it  is  8oni< 
advantageous  to  be  enabled  to  (*ommand  a  higher  tennri-niurv, 

A  furnace  of  thia  kind  should  be  connected  vrith  a  chinutfy 
at  least  30  feet  in  height,  and  requires  to  be  supplied  with  (pn4 
hard  coke,  broken  into  pieces  of  about  the  mze  of  au  ein?. 

Treatment  of  aren  of  tiae  First  ciaiM. — The  .i  "         ^ 

to  this  class  is  a  very  aiinplc  npemtion,  careoi 
a  suflicient  amount  of  carbonaceous  matt4?r  be  addtd  m 
effect  tlie  complete  reduction  of  the  metal,  whilst  ffnch   fliu 
supplied  as  will  afford,  by  combining;  with  the  >i  p 

matter  present,  a  liquid  and  readily  fusihle  sla^.  n 

be  assayed  is  first  pounded  in  an  iron  nioHar,  and  |uiB9eti 
a  sieve  of  fine  wire-gauze.     ThoBc  portions  which  rema:! 
meshes  are  again  crushed  untd  the  uliole  has  been  pa^sM)  iliniin 
since  if  thia  were  not  attended  to,  a  fair  sample  ot  tW  or^  vawi 
not  be  obtained,  aa  the  more  sterile  portions  being  uuaily  tht 
hardest  are  the  last  to  become  sufficiently  crushed. 

AVheu  the  partich's  of  ore  have  been  profxiTly  reduced  la  ite 
400  grains  may  l>e  weighed  out  and  well  mix-  -'  « '♦^'  '''^'  .rr-itt-  nf 
dry  carbonate  of  soda,  and  fVom  50  to  lit' 
charcoal,  according  to  the  supposed  richness 

This  is  now  introduced  into  an  earthen  n 
aa  to  be  not  more  than  two-thirds  filled  t     ' ' 
top  of  the  whole  is  place<l  a  thin  layer,  < 
or  common  salt.     Tlie  cmcihh'  and  its  * 
the  furnace  and  gently  heated,  carii  hein 
T  •titure  that  the  mixtun*  of  nn 

and  cnU*r  Inlo  e\>vi\\iV\ovi^  w^ 
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in'H  too  strong,  it  must  be 

1  J'le  from  tlie  fire,  aod  also  by 

\.H  nf  the  damper. 

-i'  mon*  gaa  is  given  off,  the 

'  .'H  and  tim  asaay  completed. 

liillic  oxide  or  carbonate,  the 

nut  in  order  to  coiuplct*?  the 

•ntly  liqnid  to  atiniifc  of  the 

on  at  tilt?  bottom  of  the  cni- 

»aed  to  bright  redness . 

^  been  rod  need  to  a  state  of 

of  prooer  tonga,  be  removed 

L  tapped  gently  against  some 

j^le  globule,  be  aet  aside  to  e<.»ol. 

'dal'iiUy  ])erfurmed,  the  cooled 

iirfaee,  with  a  distinct  yitreous 

beeome  suiHciently  cold,  it  ia 

i-efully  extracted.     To  remove 

%  the  metallic  button  ia  ham- 

iinhed  and  rubbed  with  a  hard 

idhert?  so  finuly  as  not  to  admit 

i  Hucal  means,  it  may,  in  iiiost 

the  bottoii  for  a  short  titne  in  a 

h  the  slag  ia  diaatdved,  whilst 

ff'd.     When  the  ore  has  been 

1  liquid  dlag  obtained,  the  whole 

ted  in  one  uifUHB  at  the  bottom 

i y  duid  scoria  has  not  been  pro- 

•^^ll    in  an  iron  mortar,  and  the 

'.uL^  and  decantation. 

lU'  of  soda  and  powdered  charcoal, 

rV  timea  its  weight  of  black  iux, 

i  Uy  a  thin  layer  of  borai.     Very 

.  tujiing  together— 

unite  of  soda;  and 
ii    t;irtar. 

iM-rfectly  incorporated,  nre  placed 
id  w  ith  a  thin  hiycr  of  borax. 
-   \  ji'ld  enuuUy  good  results,  and 
.mall  portion  of  le^ul 

products  belonging  to   tliia 

f  any  kind 

they  are 

I  r  i.'arbun*i^^^^^^^Bi\v\0^  x^^ 
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adlierence  of  any  metallic  globules  to  the  cliaiToal  lintng  i* 
tuiilly  ppeventecf.     This  method,  although  requiring  a  longer 
than'  those  alroady  described,  does  not,  even  when  rich  Of« 
opera tud  ou,  aiford  more  satisfactorj'  results. 

Wlien  the  mineral  operated  on,  in  addition  to  lead, 

other  iiictaU, — such  m  copper,  Bilver,  tin,  or  autimouv,  the 

obtained  will  retain  a  greater  or  leas  proportion  of  these  «u1 

in  the  ibrm  of  an  alloy.     Lf  zine  be  present  in  the  ope>  tracet 

of  that  metal  v^iil  be  discovered  in  the  resulting  buttoti  of 

provided  that  the  m^my  haa  been  Biifficiently  heated  :  this,  hi 

J       carricjj  off  n  nmnll  port  iun  of  the  lead.     The  oxide  of  iron  ennt 

B  in  the  ore  ia  alao  reduced  to  the  metallic  atate  durLii^  the 

^  hut,  unlesM  too  strong  a  heat  has  been  emphwod.  it  n'ma 

BUspunsioD  ill  the  slag.     For  commercial  pin 

button  of  lead  is  seldom  subjected  to  a  eheim  ffL 

■  the  purity  of  tlie  metal  is  usually  judged  of  in  iirc< 
colour  and  soflneas;  but  when  a  more  accurate  hn 
couatityents  is  inquired,  it  must  be  luado  to  undergo  the 
routine  of  a  laetalltirgic  aufdysis.     The  foreign  carbotiiite«  of 
uhich  are  largely  imported  into  this  country  from  Sptiin  ttod 
of  the  mines  in  South  Australia,  are  among  the  most  im| 
miuendd  belonging  to  this  clasa,  and  are  often  extrenujljr  fkk 
^m  silver. 

B      Treatment  of  Ortn  cif  ttic  Second  C1ji»m. — Tliia  daj»s  not  otilT  i 
^■preheiids  galena,  which  ij*  the  moat  common  and  abun-V  -  ' 
Wd,  but  aldo  cooiprises  the  sulphurets  resulting  from  vh  , 
lui'gieal  [iroeesses,  rs  well  as  the  sulphates,  phoaph«te»»  ana 
iiiatefi  of  that  metal. 

Galena. — The  asisay  of  thia  ore  of  lead  is  variously  eondnct4?d1 
different  metallurgists;   but  one  of  the  following  roethod*  !• 
present  moat  eommonly  employed  for  commcrf  ud  | 
The  ore  to  be  examined,  after  having  been  prop*  i 
aifted,  is  fused  either — 
I         Firstly,  with  carbonate  of  soda,  black  flui,  or  cream  of 

I     Secondly,  with  metallic  iron ; 
Thii'dly,  with  carbonate  of  &oda  or  black  flnx,  and  iron ; 


Foiulhly,  with  a  mixture  of  nitre  anil  i 
First  Method — Fusion  mtA  an  Alkoline  i 
conducted  in  an  earthen  crucible,  which  la  t 

I  until  its  contents  are  reduced  to  a  stale  of  tr  * 
The  powdered  ore.  after  being  inLied  w  i 
Df  dry  carbonate  of  soda,  is  slowly  auf^  i'*- 
luiry  assay  furnace  until  the  mixtun 
^hen  the  crucible  is  removed  fri"    *' 
ft'Dtly  tapped  to  coVWv'X  WW's  m 
ii»[H?iifiiau  hi  ilws  toUg/\ft  *«  t  ^ 
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iiTDken,  wnd  a  bnttim  of  wtellk  Ittd,  wtidi 
L  wd^lietl,  win  br  fbtBid  at  die  k«teA* 
of  cvbomie  <^  soda,  osAoo^btoi  poteik  or  Uaa 
^  naed ;  Vol  wben  Hie  b<r>^w■^w^  ao^iMKB  it  cnploTnL  a~ 
Ineer  tiine  b  neccoMffj  fot  ^tm  wiplftw  finioB  of  tbe  mix* 
Emr  100  parta  of  p«ire  galeaa  wul  bj  tliia  Mctbod  aiibnl 
"^tot?  partsof  iMtaIlicl«Mi,iiidieatii^alaaaof  finom?  to 
'  >^fiL  on  tbe  cotttoito  oCtfao  oae. 

f  tbe  oldnr  nctaDntigiala  vere  in  tbe  Imbtt  of  fizat  I 
^tir  bj  roastin^f  ajird  afirrvards  rwiiiring  tbe 
"1  about  itB  own  treigbt  of  bbkck  flax. 
roeeat,  from  the  extvesDe  Ibsibility  of  tbe  sulpbaiets 
lead,  requires  tpit  careliil  manipuUtion,  and  at  the 
9  obtained  are  £u-  from  oata^Ktorj.     Pure  galena,  br 
^<  -a.  can  rarely  be  made  to  alFord  abore  70  per  cent,  of 

—  ■■-f  Method — FuMiom   with   Metallic  /roa,  — Tbia 

m  the  circumstance,  that  when  gaiena  is  fused  in  contact 

t.illic  iron,  that  metal  becomes  conrerted  into  protomil- 
Vi  hiUt  tbe  lead  originaUj  combined  with  the  sulphur  is  at 


i 


liberated.     The  amount  of  iron  rigori)ii»ly  required 

.t|)o»itioii  of  pure  sulphuret  of  lead  is  22G  per  cent. ; 

und  advantageous  in  practice  to  add  a  small  excess  of  this 

I  30  part«  of  iron  to  every  100  parts  of  galena  are  tbere- 

**'**\  o'ljdiiouly  employed. 

Tlir  ^nm  iLsed  should  be  either  in  the  form  of  small  naOs  or  fine 

"  into  short  pieces-     This  mixture  of  ore  and  metallic  iron 

'  I  in  an  earthen  pot,  of  which  it  should  fill  about  two- 

J^iiftls  I  ho  capacity,  and  ia  covered  with  a  thin  layer  of  either  car- 

'*^  ,at.-  ufsoda  or  borax.     The  crucible  and  its  contents  are  after- 

it^d  to  full  redness,  by  which  a  well -fused  and  iM*Hcctly 

'       . .  -  ,.ig  i»  produced.    \Mien  the  contents  of  the  pot  are  obscn  ed 

^     iH'  in  a  state  of  tranquil  fusion,  it  is  removed  from  the  furnace 

^^M  i  iiUowed  to  cool.     It  is  then  broken,  and  at  the  bottom  will  1m? 

^'    tid  a  button,  which  at  first  sight  ap|>ear8  to  have  throughout  a 

Vuilorm  coinposiitiou.  but  on  being  struck  with  a  hammer  readily 

^paratea  iuto  two  distinct  parts.     The  upper  portion  consists  of  a 

oron/.e-coloured  sulphuret  of  iron,  which  at  once  cmniblca  under 

til*-  Immnicr  and  is  readUv  removed;  whilst  the  Kiwer  part  consists 

'jfa  button  of  malleable  lead,  which  must  be  carefully  cleaned  mid 

Vcif^hed.     This  process  otl'ords^  from  pure  j^aleiia,  'nkiut  78  per 

^•ent.  of  ttietalltc  lead  :  the  joss  appears  to  aris**  jirincipnlly  fnmj  the 

Volatility  of  the  galena,  wliich  he^ne  to  be  driven  otV  at  a  lower 

•mperuture  than  that  rctjyired  for  its  docnni|>. .  ^  the 

n  the  min'uig  dhtrkta  of  North  ^Valcis  U\\-  a  oI 

wted  in  a  maimer  aoniewhat  difi'creui  to  v\iu\»  ^via\.  ^' 
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IntiteJid  of  ftdding  fmelj-divided  iron  to  the  ore,  the  potaBcifd 

is  itaelf  heated,  and  without  tlie  addition  of  auv  kind  of  rtin,  in  t 

ladle  made  of  tliat  metal.     Tliia  ladle  or  (fink  is  forniod  out  of  i 

thick  jiiene  of  sheet^irou  and  provided  with  a  lip,  by  whic-h  U* 

reduced  metal  is  to  be  poured  off,  and  a  short  shaak  !*»r  nfT  rvlia{ 

a  better  holdiast  to  tlie  tongs  by  wbieh  it  is  to  be  r  '-^im 

tho  fire.     The  ore  to  be  operated  on  is  tirst  coareelv  jj    ..     ...laL 

VieW  mixed,  ao  s»  to  ensure  a  fjiip  sample:  €»ight  ouDce«»  are  nof 

weighed  out  and  placed  in  the  dish,  which  la  covered  with  *»  ^''^  "** 

thin  aheet-ironj  and  gently  heated  in  the  fire  of  a  smith's  iv 

the  ore  ceases  to  decrepitate.     The  temperature  is  th  "■ 

iiill  redness,  and  at  the  expiration  of  about  titWen  or  t^ 

the  decompoaitioii  of  the  sulphuret  will  be  eouiplet**^j. 

point  the  di^ih  is  removed  from  the  dre  and  the  reduced  Ifn 

out  into  a  mould  of  caat  iron,  whilst  the  -'  '      '   ' 

formed  are  kept  back  in  the  di^h  by  a  ; 

the  spout  for  that  purpose.     The  dish,  tu;;otlier  wiUi  ilie  - 

eulphuret  of  iron^  is  afterwards  again  placed  in  the  fire  jii< 

to  bright  rednesSj  by  which  the  last  portions  of   r 

adhering  to  the  Hcoria  are  obtained.     The  contents  o1 

BOW  thrown  away,  as  not  containing  any  further  araoma  *j\i  Itatl, 

whilst  the  raetid  which  has  been  run  off  ia  carefully  weijjhed      T^tf 

apparently  rude  method  affords,  in  experienctxi  hand? 

good  reaolts,  and  which  are  likewise  considered  to  a 

nearly  to  the  practical  returns  obtained  during  thr 

treatment  on  the  large  iicale.     By  this  proceiis,  pure   - 

from  79  to  83  per  cent,  of  lead ;'  but  with  the  p<x»rer  vat 

OTOy  such  as  those  obtained  from  some  of  the  Corni»h  »"i^ 

extremely  doubtful  whether  aatinfactory  i-esults  could 

since,  from  the  infusibility  of  the  aaeocialcd  g."  ■" 

metallic  globules  would  certainly  be  retained  in  t 

ladlea  used  for  this  purpose  are  rudely  ma<lc  of  um  i. 

which,  if  about  l-4th  of  an  inch  in  thickness,  will  last  >  rvt 

or  four  separate  assays. 

Third  Method— Futioji  with  Carbonate  of  Soda  or  Biaek  Fha 
and  Metallie  Iron, — When  galena  and  r    ' 
together  out  of  contact  with  the  air,  u  l;i 
is  liberated  in  the  metallic  form,  but  the  bo  r 
tain  amount  of  that  metal  bi  the  Btati*  of  a  d*. 
and  the  alkaline  metal. 

If  finely-divided  iron  be  now  mtnidnced,  thr  »m!phnn*t  tif 
contained  in  the  slag  will  I 
and  the  whig  contaiuH  a  H 
ysWl  have  r«'pUu'ed  iW  \. 
sili«H)U8  raalt4*r  cim*V\Uv\    _, 
«lag^  witbout,  to  an^  ^?f«ax  eiXwux,  mv^Mga^  vv 
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The  quBDtity  of  black  flux  or  carbonate  of  soda  employed  varies 

tlic  rifhne^  or  sterility  of  the  ore  operated  on  ;  but  even  for 

>oorei*t  varieties  two  parts  of  tbe  alkaline  reagent  will  usually 

unii  sutlieient.     The  iron^  which  is  merely  used  to  separuto 

part  of  the  lead  which  has  been  dissiolved  by  the  alkali  m  the 

te  of  Bulphuret,  need  oot  be  present  in  eufBeient  amount  to 

t  the  reduction  of  the  whole  of  the  lead  contained  in  the  oro 

Two  parta  of  hliiek  ftux  or  carbonate  of  soda,  and  from 

to  15  per  cent,  of  metal  he  iron,  either  in  the  state  of  filings  or 

the  form  of  small  naOa,  will  be  found  a  convenient  quantity  to 

'^"*  this  purpose. 

n  the  fuaion  is  made  with  black  flux,  oud  the  iron  is  in  the 
vuwt-  ..f  filings,  it  will  be  proper  not  to  add  too  large  an  excesa, 
ialiy  it*  the  assay  be  conducted  at  a  ver\^  high  temperature,  aa 
that  caae  the  resulting  button  of  lead  will  contain  a  portion  of 
n.  If,  however,  carbonate  of  &oda  be  employed,  tho  addition  of 
email  excess  of  iron  in  attended  with  advantage,  as  it  ensures  the 
»inplete  det»Ldphuration  of  the  galena  without  affecting  the  purity 
if  the  lead  obtained. 

Iron  filings,  when  employed  for  this  p^irpose,  are  also  liable  to 

become    mechanicaUy   intermixed   with   the   lead  obtained,    and 

bhertby,  to  a  certain  extent,  Iids«ify  the  results.    This  inconvenience 

8  obviated  bv  the  use  of  small  iron  nails,  which  are  corroded  oidy 

n  the  outside,  and,  at  the  termination  of  the  assay,  are  foimd  fixed 

the  upper  surface  of  the  button,  from  which  they  can  without 

uch  diffieulty  be  separated.     Pure  galena,  when  thus  treated, 

Jrields  from  75  to  78  per  cent,  of  metallic  lead. 

Mitchell,  in  his  3Ianind  of  Assaying,  strongly  recommenda  the 
teUowing  process,  which    is   a   slight  modification  of  that  long 
employed  at  tlie    E<^ole  des  Mines.     Two  earthen  crucibles  are 
"jirepared    by  smearing    their   insidea   with  black    lead,   such    aa 
that  useil  for  domestic:  purposes,  and  in  each  of  these  are  placed, 
"with  their  heads  downwards,  three  or  four  ten-penny  naila.     Mix 
the  ore  to  be  assayed  with  its  own  weight  of  carbonate  of  soda, 
and,  atler  having  placed  it  in  the  pots,  press  it  tightly  down  about 
the  nails.     On  the  top  of  this  phiee  about  half  an  ounce  of  com- 
mon salt,  and  above  it  an  aaiouut  of  dried  borax  equivalent  t<t  the 
weight  of  the  ore  operated  on.     The  whole  is  now  mtrodueed  into 
the  furnace  and  gradually  heated  to  retluesa  ;  at  the  expiration  of 
ten   minutes  tho  temperature  is  increased  to  bright  redness,  at 
which  it  is  kept  for  another  ten  minutes,  when  the  Hux  will  be 
fused  and  present   a  perfectly  smooth  svirfaee.     When  this  has 
taken  place,  the  pot  is  removed  from  the  fire,  and  the  nails  arc  sepa- 
»«tely  withdrawn  by  the  use  of  a  small  pair  ofcrucvM^i  to\\^^,^!a.wi 
Off  taken  to  wolf  wash  eaeh  in  tho  tiiud  a\ag  u\\l\\  ^q^c^lNX^  *t^ 
wjr adberiuf^  t^^'ut     When  the  uaila  have  aU \ieeii ^*^*^^ 
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the  pot  is  gently  tapped,  to  collect  the  metnl  into  one  buttoo,  waA 
then  laid  aaide  to  cool  •  after  which  it  is  brokcu,  iind  the  huttoii^ 
lead  rcnuived  and  eleaued  in  the  usual  wav.  The  result  U  ti« 
verified  by  a  second  a,s<«iy  made  in  the  other  pot. 

WTien    carefully   conducted,   this    process    is    said    to   aSad 
from   8^  to  84]   per  cent,   of  metallie  lead   from    piuv   gilcm. 
It   is,   however,  liable   to   the  objection,  that  the  lead  prodosel 
frequently   t'ontaina   fragments   of  iron,    arising    fi-oin    tbe  Oh 
cumstaoce  that  the  imlla  are  most  energetically  act^^d  on  at  iW 
point  of  contact  between  the  flux  and  the  galena,  which^  when  ti^ 
elag  becomes  fused,  occupies  the  lower  portion  of  the  crudb!'     '^* 
by  this  meau8  portions  of  iron  become  detached  and  frt- 
adhere  firmly  to  the  button,  from  which  there  is  8ometiiM>^ 
demble  diiBcnlty  in  reiiio>iiig  them.     In  my  own  exp«  r  id*  >;  •  I 
have  never  obtained  by  tlih*  proceaa  above  82  per  ceij^ 
from  the  purest  specimens  uf  galena,  but  it  notwith»tani 
results  sufficiently  accurate  for  many  commercial  pnrp 
Instead  of  adding  metallic  iron  to  the  miitiu-e  of  * 
introduced  into  the  crucible,  I  have  luyself  found  it  inucii 
that  the  pot  itaelf  shnuid  be  made  uf  that  metal. 

For  this  purpose,  a  piece  of  half-inch  |)late-iron,  uf  g< 
is  turned  up  in  the  form  of  a  crucible  and  carefully  wt 
edges ;  the  bottom  is  closed  by  a  thick  ii'on  rivet,  whicl 
welded  to  the  eides,  and  the  whole  is  then  finished  up  \ 
hammer  on  a  properly -formed  mandril.    The  crucible,  v  1 1 
fihouid  have  the  form  represented  fig.  17S.     To  mat. 
in  a  crucible  of  this  description,  it  m  fij- 
dull  redness,  and,  when  sufficiently  ho^ 
dered  ore,  intimately  mixed  with  its  ow  : 
carbonate  of  soda,  and  half  its  weight  of  < 
is  introduced  by  means  of  a  h»ng  cojip 
the  form  represented  fig.  179.     On  the 
is  nloct^d  a  thiji  layer  oi  dried  borax,  ai 
eiblc,  which,  for  tfce  introduction  of  the  i 
rcmoTed  from  the  fire,  \s  immediately  replaced, 
now  gradually  raised  to  dull  redneets,  dm  i 
tents  gradually  become  liquid  and  give  ui 

At  the  eipiration  itl  Horn  t 
nutes  the  mist  lire  m  il^  hf-  < 
a  state  of  tr: 


17i>. 


now  partial!  V 
contents  bn 


I«o  »crftped  down lo  \^ 
daeed  iu  a  hot  v«url  v^i  ^ 
tid  [leatcd  dunngO^e* 
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ible  18  Uien  seized  bj  a  etrong  pair  of  bent  tonga  on  that  part 
^dge  which  * 


and  after 


180. 


ppo«te  the  projecting 
U  from  the  fire  ita  eootents  are  rapidly  poured  into  a  cast 
uiouJii  of  the  form  represented  fig.  180.     Another  form  of 
mould   ia    represiented    tig.    181.      The    sides    of    the    pot 
now  carefully  scraped  down  with  a  chisel - 
'  bar  of  iron,  and  the  adhering  particles  of 
and  metallic  lea*i  added  to  the  portion  first 
ned,  by  sharply  striking  the  edge  of  the  pot 
ly  held  in  the  jawa  of  the  ton^  against  the 
"^  the  cast  iron  nioidd.     When  sufficiently 
the  contents   of  the  mould   are  reaiiily 
ii  1-  r .  u  d,  aud  the  button  of  lead,  after  being  acpa- 
,ted  from  the  adhering  »lag, 
carefiiUy    cleaned     and 
■weighed.      By  this  process 
pure    gnieiia  yields    on   an 
jirerage  84  per  cent,  of  me- 
tallic lead,  free  from  iron  and 
"perf^''tly    malleable.      This 
1  of  assaying  is  that  in 
universal  use  in  all 

citing  establishments,  and  has  the  a^lrantace  of  yielding  good 
with  the  whole  of  the  various  orea  belonging  to  the  second 
A  larger  amount  of  lead  is,  however,  obtained  by  Q»»aj  than 
Cftn  be  procured  from  the  same  ores  in  the  large  way,  and  on  this 
account  the  sraeUer  usually  makes  an  allowance  of  from  3  to  5i  per 
cent.,  in  accordance  w  ith  the  nature  of  the  minend  to  bo  treated. 

In.Htead  of  using  iron  pots^  or  adding  metallic  iron  to  the  ores 
under  eiaminatiou,  they  may  be  fused  with  a  mixture  of  black 
flux  and  oiido  of  iron  or  zinc,  in  which  case  a  portion  of  iron  or 
zinc  ia  reduced,  and  the  results  before  described  ohfnine«l.  Thia 
method,  however,  does  not  often  afford  satisfactory  results,  and  in 
not  so  convenient  as  the  processes  in  which  nietullic  iron  i^i 
employed. 

The  protosulphuret;^  of  iron  and  zinc,  when  heated  with  gaJeji* 

an   alkaline   carbonate,  are  partiiiUy  decomposed,  with   tii*.' 

IH>eration  of  a  certain  portion  of  these  uietuls,  in  the  iii*.*t«lLA' 

form,  aud  conseiiuentlv  the  assay  of  ores  containing  j*ulj>huLA*t  '^f 

ic&d  may  be  conducted  by  the  aid  of  these  reagents.      J'hj 

5,  like  the  last,  is  however  too  inconvenient  to  admit 

lUcation,  und»  besides,  does  not  aiford  Hutisfacton 

'ourth  Methnii  -Fimon  m/k  Carbonate  rf  Snrfn 

«u  giiiena  is  treated  witli   nitrite  oi*  pri' 

nr  is  coDvortvil  into  sn/phuric  acid  be\i 

^ijd  to  '  *'«ed,  and  it  eoiiscqvwuU^  to 


class. 


p 
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suitable  amount  of  nitre  were  employed^  the  drsulntjurtiliaii, 
the  mineral  will  be  completi4y  etl'eeted,  and  the  a\  'hit' 

obtained  in  the  me  tidlic  state.     To  prevent  any  ii.o  ,.  „.^ii 
arise  Iroiii  the  dellagmtiou  which  takes  piaee,  the  ore  is 
with  twice  ita  weight  of  carbonate  of  soda,  and  to  tlm^  in  acf^-^- 
with  the  richness  of  the  ore,  is  added  tirom  30  to  35  per 
nitrate  of  potash.    AVTieu  too  large  a  quantity  of  nitre  ia  cri 
a  portion  of  the  metal  will  be  oiidiiied,  anJ  remain   in  t 
causing  a  corresponding  deficiency  in  the  weight  of  t  • 
lead,  and  therefore,  as  the  right  amount  cau  oidy  be  »*» 
numerous  experimeuta,  tliie  procosa   is   but  badly  calculatinl  Ut 
CBtimating  the  lead  contained  in  the  mineral, 

When,  on  the  contrary,  an  ore  contains  silver,  and  tlmX  iBfIri 
only  is  to  be  estimated,  regardless  of  the  amoimt  of  lead  pre«a^ 
this  process  may  sometijnes  be  employed  with  considerable  aiv 
tage,  although  it  is  generally  leas  to\>e  rceonimended  than  f\ 
with  tartai*  and  carbonate  ot  soda,  in  a  wrought  iron  p- 
described.     The  assay  by  this  proeesB  is  very  easdv 
the  fusion  takes  place  rc4idily,  and  without  any  bubtling,  . 
slug,  wliich  in  very  hquid,  contains  no  metallic  globule?^, 
ducting  this  operation,  the  amount  of  nitre  should,  li*  ; 
so  arranged  aa  to  afford  the  greatest  quantity  of  metiiU,.  . 
it  is  of  especial  importance  that  enough  to  dewtixn'  the  v 
the  aulphuret  be  employed,  as  should  the  slag  retiiijj    a 
oxidiaed  Bulphnr  comj>omid,  a  notable  loss  of  silver  will 
perienced.     if,  on  the  other  hand,  too  large  a  proport'^ 
DAS  been  made  use  of,  the  accuracy  of  the  silver  cstn 
not  be  impaired,  as  the  lead  alone  becomc?a  oxidised,  anu  Mn 
of  the  sdver  is  contained  in  the  residual  metallic  button. 

Asnay  of  l^alenaM  contiUiiliiir  Antlniony. — Many  ot  ' 
lead  hkewise  contain  a  certain  proportion  of  sulphuret  ni 
and  from  such  minerals  the  assayer  cim  either  obtain  pui\;  'uAd,  JS 
a  miiturc  of  the  two  metals  in  the  form  of  an  alloy. 

To  extract  ipxire  lead  the  mineral  may  be  fused  in  an  optt 
crucible,  with  twice  its  w^eight  of  carbonate  of  soda,  when  tin?  k«<i 
wUl  be  liberated  in  the  metallic  fom^.  whilst  the  antiimmy,  by 
becoming  oxidiaed,  unites  with  the  alkaline  ba»e,  and  rcnurio* 
wholly  suspended  in  the  alag.  The  presenc-i^  of  antimony  ia  the 
slag  will  also  prevent  it«  retaiuing  any  prtionu  of  the  lead,  an^ 
irom  this  cause  a  tolerably  exact  eeparation  of  the  tiro 
readily  obtained, 

"When,  in  addition  to  lead  and  antimony,  tlv 
at  MhouUl  be  assuycd  by  UMug  hrat'^f^  ""^''   " 
bf  sodii  and  nitre*  \)^  >«\\\v\\  \Xw  ^V 
''     ''     1  and  retamcA  m  VXva  t^«k^,  Vv.^-    w 
. _  iiitlu3  9Ut\.'  t>t  nn^\Q^*  Asi\\C\^«'^ 
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amount  of  nitre  to  effect  tbe  total 
as  when  the  whole  of  the  antimonj  and  a 
been  oxidised,  no  loss  of  sibrer  (whieh 

lead)  is  experienced,  but  when,  on  tbe  i 

still  contain  undecomposed  snlphturet  of  a 

hrge  proportion  of  the  ailTer  escapes  reduction  to 

required  to  reduce  at   the   lame   tiflM  iMth  th« 
;  ul.  tbe  ore  roav  either  be  fused  irith  Uaei  iux, 
.  or  be  melted  in  an  irun  pot,  according  ta 

nl -It'll. 

are  readilj  reduced  by  iiiDpla 
'  ^nrthen  cmciUCf  bot  when  pi 
res  of  this  metal,  their  assar 
.  ...  ^  iron  pot,  wHb  a  proper  admt 
'  irtar,  and  fused  boru. 
purposes,  lead  wmmjm  are  catiiMilad  (n 
of  metal,  in  cwts.  Ac  eontatDcd  tn  ona  Um  fit 
^     -e  calculations  are  diyosfd  willi  bf  tbe  tiae 
in  ^bich  tbe  yiaatiiy  of  am  optmM  OD 
'M.^i^.j>jea  to  t>e  ^hju  grains. 
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B  pUI'LiUU  Ul  the  metal  will  be  oxidised,  and  J 
cauaiiig  a  correapondiiig  deticiency  in  the  w^ 
lead,  and  therefore,  a»  the  right  amount  van  on 
ntimeroas  experiments,  this  procfstj  ia  but  I 
estitniitiug  the  lead  contained  in  the  mineral. 

AVlicD,  on  the  contrary,  an  ore  contains  sil^ 
only  is  to  bo  estimated,  regurdlens  of  the  tunc 
this  procc33  mny  sometimes  be  emplnycd  with 
tage,  although  it  is  genendly  lesa  to  be  reconj 
with  tartiir  and  carbonate  oi  tiudii,  in  awrough 
described.  The  assay  by  this  process  ia  vei^ 
the  fusion  takes  place  readily,  imd  without  ai 
Blag,  wliit'h  is  very  liquid,  contains  no  metallic 
ducting  this  operation^  the  amount  of  nitre  »h 
80  arranged  as  to  afford  the  greatest  quantity  c 
it  is  of  espceial  importance  that  enough  to  d 
the  fiulpbiupet  be  em  ploy  e4  aa  should  the 
oxidised  sidphur  compound,  a  notable  loss 
perieoced.  If,  on  the  other  hand,  too  large 
has  been  made  use  of,  the  aecuracy  of  the 
not  be  impaired^  as  the  lead  alone  becomes  02 
of  the  (silver  ia  contained  in  the  residual  meti 
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lead  likewise  contain  a  certain  proportion  of  suh 
and  lirom  such  minerals  the  assayer  can  either! 
a  mixture  of  the  two  metals  in  the  form  of  an] 

To  eitrat;t  pure  lead  tlie  mineral  may  bd 


ortion  ol  the  iiitvtaJ  will  be  (jxidised, 
causing  a  corresponding  deficieuey  in  the  y$ 
lead,  and  tbcrclbrc,  m*  the  right  amount  can  I 
numerous  expcriraoiits,  this  process  is  but 
estimating  the  lead  contained  iu  the  mineraL 

When,  ou  the  contniry.  an  ore  eoutains  a 
only  is  to  be  estimated,  regardless  of  the  anj 
tliia  process  may  sometimes  he  employed  witi 
tage,  althougb  it  is  generallv  less  to  be  recoir 
with  tartiu-  and  carbouate  of  soda,  in  a  wrougl: 
described.     The  assay  hy  tliia  process  is  \ed 
the  fusion  takes  place  readily,  and  without  m 
slag,  which  is  very  liquid,  contains  no  nietalli 
ducting  this  operation,  the  amount  of  nitre  si 
80  arranged  as  to  aflbrd  the  greatest  quantity 
it  is  of  especial  importance  that  enough  to 
the  sulphuret  be  employed,  as  should  the  i 
oxidised  sulphur  compound,  a  jiotjible  loss 
perieuL'ed.     If,  on  the  other  bund,  too  large  i 
mis  been  made  use  of,  the  accuracy  of  the  I 
not  be  impaired,  as  the  lead  done  becomes  odi 
of  the  silver  is  contained  in  the  residual  metl 
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ciTuBiiii?  a  corresponding  deticiency  in  the  m 
lead,  aud  tlieretbre,  as  tlie  right  amount  can  c 
numerous  expenruentd,  tlus  proeesa  iis  but 
estimatitig  the  lead  contained  in  the  mineralu 

When,  on  the  contrary,  an  ore  contains  i 
otdy  is  to  bo  estimated,  regardless  of  the  an) 
tliia  process  may  BOinetiraes  be  employed  intl 
tage,  although  it  is  generallv  lews  to  be  recoil 
with  tartar  luid  carbonate  ot  soda,  in  a  wrougl: 
described.     The  atisay  by  thia  provesa  ia  vei 
the  fusion  takes  place  readily,  and  without  i 
slag,  which  18  very  liquid^  contaiiia  no  metal 
ducting  this  operation,  the  amount  of  nitre  I 
80  arranged  as  to  afford  the  greatest  qimntity 
it  is  of  especial  importance  thiit  enough  to 
the  sulphuret  be  employed,  aa  should  the 
oxidised  sulphur  compound^  a  notable  loss  | 
pcrienccd.     If,  on  the  other  hand,  too  large  i 
has  been  made  use  of,  the  aceiiracy  of  the  I 
not  be  impaired,  as  the  lead  alone  becomes  oi 
of  the  silver  is  contained  in  the  residual  meta 
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AnttlysU  of  Catena. — The  eatimation  of  the  lead  contained  in 
galena  by  the  humid  method,  is  for  commercial  purpoaea  seldom 
le^orted  to,  as  Bufficiently  correct  resiUta  may  be  oDtained  in  a 
much  shorter  time  by  some  of  the  procesaes  just  described. 
When,  however,  the  analysis  of  thia  mineral  be^^omea  neceaaaiyj  it 
UULY  be  conducted  as  follows  :— 

The  ore,  in  a  state  of  eitreme  diWsion,  ia  attacked  at  a  gentle 
leat  with  dilute  nitric  acid,  when  sulphur  will  aeparate,  and  a 
lution  of  nitrate  of  lead  he  fonned-  The  acid  used  for  tliia  pur- 
909e  must  be  miied  with  at  least  its  own  volume  of  diatdled 
•(rater ;  IWim  the  oxidation  of  the  sulphur  present  in  the  ore,  an 
nsfduble  sulphate  of  lead  is  formed,  which  remains  with  the  inao- 
lible  gaugue^  and  increaaea  ita  weight. 
For  this  reason  it  ia  in  all  caaea  adrisahle,  after  pouring  off  the 
lution  of  nitrate  of  lead  obtained,  and  carefully  washing  the  in- 
lOluble  mattena,  to  digest  the  residue  for  several  hours  with  a 
ifcrong  Bolution  of  carbonate  of  sodaj  by  which  the  insoluble  aul- 
ikate  of  lead  is  converted  into  carbonate,  and  soluble  snlphate  of 
lod&  formed.  The  insoluble  residue,  after  being  separated  from 
he  sulphate  and  carbonate  of  soda  by  Eltration,  and  well  washed, 
aften^ards  again  treated  with  dilute  nitric  acid,  by  which  the 
bonate  of  lead  ia  readily  dissolved.  This  solution  is  euhs^ 
uently  added  to  that  direetlv  obtiuned  by  the  action  of  weak 
itric  acid  on  the  ore  itaell',  and  treated  with  a  solution  of  sulphate 
soda,  until  no  further  precipitation  takes  place.  The  Buhdiate 
if  lead  thus  obtained  ia  collected  on  n  filter,  washt'd,  dried,  and 
eigbed,  and  from  ita  weight,  after  calcination^  ia  estimated  the 
nount  of  lead  originally  present  tn  the  ore.  The  associated 
betala  are  aften^arda  separated  from  the  filtrate  from  aidphate  of 
pad,  by  the  usual  njutiue  of  mineral  aualvaia.  The  amount  of 
jlyer  contained  in  galena  eaiinot  be  correctly  estimated  by  humid 
sis,  and  must  be  aaeertaiiied  by  a  prmess  called  eupt41atiuD- 
tlon  of  the  Mllver  contained  In  Lead  ^ren. — Cupellfitlon. 
the  large  quantities  of  silver  contained  in  many  varieties  of 
d  other  ores  of  lead,  it  beconiea  necessary,  in  order  to  judge 
eir  relative  commercial  values,  to  be  enabled  to  ascertain 
the  greatest  exactness  the  precise  amount  of  this  valuable 
tal  furnished  by  the  different  specimens  under  examination. 
To  ascertain  thid,  the  but  tun  of  lead  obtained  by  the  proceasea 
described  ia  subjected  to  cupellation  in  a  furnace  pro* 
■  i]  for  that  purpose.  This  process  is  founded  on  the 
<  1  hat  ailver,  when  exposed  m  a  state  of  fusion  to  the 

tiuii   "T  Tia>  air,  neither  gives   oil'  perceptible  vapours^  not  \a 
dy  oiidisrd,  particularly  when  a  more  oiidisa\jw  \iw\.vsl  ^t\a:i^ 
is  St  the  same  time  present 
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which,  as  fast  as  it  ia  produced,  is  absorbed  bv  the  bane-tth  of  tb 
cupel,  and  at  the  same  time  there  arises  a  wlijte  vaptnir 
fills  the  mufiie,  and  ls  gradually  carried  off  throui^h  the  ' 
in  it«  sideg.     An  annular  stain  is  at  the  n^taf  time  tV. 
the  metid,  which  gradually  extends,  and  peuetrate*  . 
stance  of  the  cupel,  in  proportion  as  the  metallie  gk^bikte 
diminishes  in  size.     When  nearly  the  whole  of  the  l«fld  hm 
thus  converted  into  litharge,  and  absorbed,  the  remainiDg  bi 
rich  alloy  appears  to  become  ag:itated  with  a  rapid  circubr 
ment,  by  which  it  seems  to  be  made  to  rerolve  nith  great 
At  this  stage  of  the  operation,  the  agitation  will  be 
Buddeoly  to  cease,  and  the  buttoa,  after  hariiig  for  a 
emitted  a  bright  flash  of  light,  becomes  white  and  immoreable. 

This  phenomenon  is  called  the  brightening  or  coruaeaikm  of  I 
metal^  and  a  button  of  pure  silver  now  remains  on  the  cupt^ 

If  the  cupel  were  at  this  period  abruptly  remoTed  Ironi  tk 
muffle,  the  metallic  globule  would  be  liable  to  sprout  or  reyH^it^ 
by  which  a  portion  of  its  substance  is  not  unfrequently  thrown  of 
and  lost,  whilst  its  surface  is  covered  by  numerous  j 
asperities.     This  effect  appears  to  be  produced   by  th«  smUli 
cooling  of  the  surface  exposed  to  the  air,  which,  by  its  contnw^iow. 
strongly  compresses  the  liquid  metal  contained  in  the  iijienof. 
and  this,  hv  bursting  through  the  outside  coating,  eaci^ee  in  tk 
way  described.     To  prevent  this  from  takinjr  plaee,  and  to  pxoi 
against  the  loss  of  metal  which  would  be  liable  to  ensue,  \hv  cuj«l 
on  which  the  button  of  silver  has  just  brightened  shoidd  W  \^> 
mediately  covered  by  another,  kept  red-hot  for  that  \ 
two  are  now  withdrawn  together,  and  allowed  to  ni 
ledge  before  the  muffle,  until  the  metal  has  become  soliditi' 
the  upper  cupel  may  be  removed,  and  the  globule  ol*  -. 
detached  and  weighed. 

From  the  circumstance  that  dlTer  becomes  sensibly  volatile  it 
veij  elevated  temperatures,  it  becomes  necessiry  to  nuike  cupiK 
lations  of  this  metal  at  the  lowest  heat  by  which  the  ab-  ■■^♦^  "•  "< 
the  litharge  can  be  readily  determined.     If,  however* 
not  sufficiently  hot,  an  annular  incrustation  of  cry  stal  1 
will  begin  to  accumulate  around  its  edges,  and  if  at  t 
fire  be  not  immediately  attended  to,  the  deposit  of  oiiac  sjireatt* 
ofM*  the  whole  surfdce  of  the  metal,  and  its  further  oxidstioii  II 
entirely  stopped. 

The  tem|>erature  best  suited  for  this  operation  is  obtnirM*d  wta 
the  mutlle  and  the  v^  '    npeLs  are  at  a  full  bl«>  A 

and  the  vapours  whi<  ^>m  the  filloy  t-uri  gni mV, 

x^\;^  n:i\i#^\v.  Wljen  the  luuS^ii 
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%he  futncslie  over  the  bottom^  and  the  sides  of  the  openings  in  the 
nnitile  be^  to  blacken,  a  little  more  tiiel  miiat  be  iidded  through 
tht'  door/,  and  the  heat  gradimlly  rai8cd.  When  the  opt- ration  is 
rn- 1  ducted  at  the  proper  tempersiture^  the  cupel  should  be  of  a 
<li»  t*r\--red  folour,  and  the  fused  alloy  ver)^  brigot  and  convex.  At 
til.'  *'omraeneement  of  the  operation  the  heat  must  be  ;i  httle 
r  i;-«d,  for  the  purpose  of  fusing  and  uncovering  the  button^  and 
i^efore  the  globule  is  about  to  brighten  a  slight  tjlovation  of 
,  .„l>erature  is  again  atlvantageoua,  but  if  a  good  cherrj-rod  heat 
liaa  been  kept  up  during  the  working  of  the  assay,  thia  is  by 
means  necessary. 

The  suc^ieas  of  the  experiment  is  likewise  considembly  influenced 
by  the  force  of  the  draught  passing  through  the  muMe.  When 
toe  current  ia  too  rapid,  the  cupel  bccomeB  cooled,  and  the  lead  is 
oxidised  with  greater  rapidity  than  it  should  be :  in  thia  case  the 
litharge  produced  is  not  ataorbed  by  the  test  aa  fast  as  it  m: 
riitcd,  and  conaequently  the  aurface  of  the  alloy  in  constantly 
«'d  by  a  layer  of  oxide  of  lead,  by  which  it  ultimately  becomes 
jjrtitccted  from  any  further  oxidation.  AVhen,  on  the  contrary, 
the  current  is  too  feeble,  the  assay  remains  a  long  time  in  the 
mulfle,  and  a  large  amount  of  Bilrer  is  loat  by  subhmation. 

If  an  assay  has  been  properly  conducted,  the  residual  button  of 
is  round,  bright,  and  smooth  on  its  upper  eiirfaco,  and 
lib  should  l>e  crystalline,  and  of  a  dead-white  colour;  it  is 
csaaiiy  detached  from  the  cupel,  and  readily  freed  from  adhering 
litharge.  This  globule  is  now  removed  by  a  pair  of  fine  phera, 
ftnd  flattened  on  a  small  steel  anvil,  by  which  the  oxide  ot  lead^ 
which  frequently  attaches  itself  to  it,  becomes  pulverised,  and  is 
easily  removed  by  scratching  with  a  small  brush  made  of  stiff 
bogs'  bristles.  The  flattened  disc  is  then  examined  by  the  aid  of  a 
powerful  lens,  in  order  to  be  euro  that  its  surfficea  are  perfectly 
i']rnn,  and  afterwards  weighed  in  a  bahmce  capable  of  turning  with 
MciWHh  of  a  grain. 

1  ho  fuel  employed  in  the  furnace  above  described,  consists, 
ftfler  it  lias  once  got  into  steady  action,  of  small  pieces  of  hard 
eoke.  When  the  ores  of  lead,  in  addition  to  silver,  likew  ise  con- 
Uin  gold,  the  residual  button  remaining  on  the  cupel  consists  of 
ui  alloy  of  these  metals,  the  separation  and  estimation  of  which 
will  be  trvated  of  in  a  future  chapter. 

In  \'ic  laboratories,  woere  aj^isays  of  gold  and  silver  are 

cnn*ti  iig  made,  the  furnace  above  deHcribed  ts  found  in- 

(lieut,  on  account  of  its  small  size.     For  this  reason,  sta- 

ry   furnaces,  forming  part  of  the  budding  of  the  laboratory, 

■re  commonly  used. 

A  convenient  arran^roent  of  furnaces  for  t\ie  m%©  ol^^^  taeX.^ 
Jfl?^V»  chemist  ia  reprmvnted  %» 188.    TliiA  coiia\ft\A  ol  ^  ma»^  <3?^ 


Wck-work  bound  together  by  Ftrong  plates 
ieciired  to  the  wall  of  the  bmldiii^  by  tlie  ^ 
through  it,  and  are  fastened  on  the  outside  J 
the  sand-bath  door,  b   b  are  two  fumacest 
ftqutire,  and  1  foot  in  depth,  is  well  enlcul«i 
ores,  the  other,  1  foot  »qiiare,  and  14-  inches  in 
«ii(Heient  heiit  for  the  fusion  of  an^ijB  of  coppery 
m»n  ores.     The  draui^ht  \»  rerrnlnted  hv  the 
•eTerally  eommunicate  with  the  famaees  b  b,  andl 
The  osb  pits  r,  are  provided  with  sliding  doors, 
rents  of  air  entering  the  funiaces  thrcai^b  tlie 
work  are  reajulHted.     Beneath  these  are  three  at 
«torinj^  the  broken  coke,     e  is  the  ctipelUng  fiji 
mutHe  at  o,  and  provided  with  the  double  slidii 
wliieh  the  eiirrent  of  air  passing  tlirough  the  ai 
venientlj  regulated. 


ii'M'iftti 


Biff  l-K 

1        ■  1  .  II  MIf  1  H 

1 

I,  ^^  H 

if 

aL.m 

\^ 

1H8. 

The  opening  for  the  muffle  is  eonsiderably  b 
front  than  where  the  mnifle  itself  joina  the  brieki 
it,  and  at  the  name  level,  m  placed  the  shelf  A, 
the  ciipela  when  withdrawn  from  the  fire, 
introdueed  through  the  upper  door  h,  or  trom  tl 
i»  covered  by  a  heavy  fire-tile,  atrongly  bound 
pluira  stopping  holes  in  the  sides  of  the  furnace^ 
are  found  convenient  for  tube  opera tiona.     The 
amaller  fuTnft^^e^  ^e,-  ^''^'V>  ^-ve  ^ot  ^.W  "exacv^  -^A 

The  total  \W\%\it  <a.^  ^^'^  ^^^^"^  ^wroansi^ 


[ 
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*wa^  ot  the  draught,  is  two  feet,  and  its  iutenial  dimoEsions 
ot  111  \iidth,  and  14  LDches  in  the  direction  of  the  length  of 
ha  iijuffle.  The  muffle  used  in  this  furnace  is  9  inches  in  length,  and 
inr-hes  in  width.  The  Kmal!  door,  c',  on  the  left  of  the  cupelling 
o,  belongs  to  a  small  hrazier,  used  for  holding  lighted  charcoal, 
making  organic  analyses,  for  which  piu^ose  the  apparatus  may 
L  ed  on  the  iron  slab  at  i.     o  is  the  hood  of  a  small  blast  fur- 


1  o  be  enipioycd  when  extremely  elevated  temperatures  are 
-d,  and  which  is 
V  8  at  K. 


is  supplied  by  a  current  of  air  from  a  powerful 


The  whole  arrangement  is  covered  by  a  glazed  hood,  l,  aup- 
ported  by  a  trellis  of  wrought  iron.     Beneath  this  is  a  ventilntor, 
communicating  with  the  cliimney  M,  and  which  allowe  of  being 
opened  or  closed  at  pleasure.    This  ventilator  rapidly  removes  any 
deleterious  fumes  arising  fpom  the  funiaces,  without  mat-erially 
impairing  the  draught.     The  throat- ways  of  the  diHerent  furnace 
are  placed  at  a  distance  of  5  inches  from  the  top  plates  of  therj 
fiinmeea^  which  are  protected  from  melting  by  the  whole  thicknesi'l 
of  a  lire-brick.     With  an  arrangement  of  this  kind,  the  heat  nece«-^ 
for  the  fuaion,  ^aeay,  and  anidyais  of  all  kinds  of  mineralt 
readily  obtained* 

For  commercial  purposes,  the  silver  contained  m  any  given 
mineral  is  estimated  in  ozs.  dwta.  and  grains,  one  ton  of  ore  being 
Iftkea  in  all  cases  as  the  standard  of  unity. 

Table  showing  the  weight  of  SOver  to  the  ton  of  Ore,  correspond* 
tng  to  the  weight  ia  grains  obtained  from  400  grains  of  Mineral. 


If400gniDeof 
0»  gre  Fine 

One  ton  of  Ore 
will  yield 

If  400  graiui  of 

Ore  give  Fine 

Metal 

One  ton  of  Ore 
will  yield 

£ 

OS.  dwU.  gn. 
0      1     16 

gn. 
•200 

Of.  dwt«.  gn, 
16      6    16 

tm 

0      3      6 

•300 

24    10      0 

•008 

0      4    21 

*400 

32    13      8 

•004 

0      6    IS 

•500 

40    16    16 

•006 

0      8      4 

•600 

49      0      0 

-ooe 

0      9    19 

-700 

67      3      8 

•007 

0    11    10 

•800 

66      6    16 

*006 

0    13      1 

■yoo 

73     10      0 

1             -009 

0    U    16 

ICJOO 

81     13      8 

•010 

0    18      8 

2000 

133      6    16, 

•080 

1   n  16 

31)00 

246      0      0 

•03O 

2      8      0 

4000 

826    13      8 

^040 

3      6      8 

6-000 

408      6    16 

060 

4     1    16    ; 

6000 

490      0      0 

1 

•oeo 

4    16      0 

7000 

571    13      8 

^^fl 

•070 

6    14      8 

8000 

653      6    16 

H 

'Oeo 

6    10    16 

9"000 

I    Ti^    Q    ^  ^r^ 

•090 

7      7      0 

10-000 

\    %\^  \?t    ^  \  1 

•JOff           1 

8      $      S 

\ 

-1 

^^^ 

^^^^^^^^^^^^■^                      ^^^^^^^^^^^^^1 

Instead  of  operaHng  on  400  emins  of  ore,  many  asnjen  pnb  1 
emploTing  1  or.  of  mineral,  and  in  this  case  the  following  ttUr  1 

affords  data  for  the  necessary  calculationn.                                         1 

Weight  of  Silver  to  the  Ton  of  Lead  Ore,  correspoDding  to  ilt  | 

weight  in  grains  obtained  from  an  assay  on  1  oae,  of  >luienl      | 

On. 

o.. 

Dwi. 

Gts. 

On. 

Ox. 

Dwt. 

Onk     1 

•001 

n 

1 

11-840 

•600 

44 

16 

oon  1 

■ 

-002 

u 

8 

23-680 

-700 

62 

6 

M»  J 

008 

H 

4 

11520 

•800 

59 

14 

•004 

« 

6 

23-360 

•900 

67 

4 

•006 

•t 

7 

11-200 

1-000 

74 

13 

•006 

« 

8 

23040 

2-000 

140 

e 

•007 

«« 

10 

10-880 

3-000 

224 

0 

^, 

•OOB 

<« 

11 

22720 

4-000 

298 

IS 

■ 

•009 

«• 

13 

10  56(3 

5-000 

378 

6 

IMvll 

H 

hJOIO 

K 

14 

22-400 

6-000 

448 

0 

■ 

ftes^ 

9 

20-800 

7-000 

522 

18 

sSH 

■ 

^m 

4 

19-200 

8-000 

B97 

6 

16<^^H 

V 

•o«o 

19 

17-eoo 

9-000 

672 

0 

■ 

•060 

14 

ie<wo 

10000 

746 

IB 

■ 

•oeo 

9 

14-400 

20000 

1493 

e 

i^^H 

■ 

•070 

4 

12-800 

30-000 

2240 

0 

■ 

•080 

19 

11-200 

40*000 

2986 

18 

■ 

•090 

14 

9-eoo 

50  000 

3733 

6 

W 

•100 

9 

8-000 

60-000 

4480 

0 

\ 

•300 

14 

18 

16000 

70-000 

5226 

13 

L_ 

^900 

28 

8 

0000 

80-000 

5973 

6 

16^3| 

■ 

•400 

29 

17 

8000 

90-000 

6720 

0 

<H)»  1 

■ 

•600 

«7 

6 

16-000 

lOO-OOO 

7466 

13 

8-oeo    1 

■ 

■ftBiiflRctiire  of  Cui^u. — The  bone-ash  employed  is  fir»t  piiMd    1 

through  a  aievo  of  fine  wire  gauze,  and  afk^rwarda  mixed  with 

water  until  sufficiently  moistened  to  petain  the  mark  of  the  fiogvob 

when  a  handful  is  taken  up  and  sliefhtly  squeeied.     To  cuuw  t^ 
cupels  when  made  to  be  sufficiently  nrm  and  resistaDt,  a  liltli 
carbonate  of  potash  is  added  to  the  water  employed  for  nMMtai^ 
ing  the  bone-ash.    The  amount  of  alkaline  carDonate  rw|uinid  ftr 
thia  purpose  is  eiceedingly  small,  aa  a  fra^ent  of  thtj  aiae  of  A 
nut  will  be  amply  sufficient  to  add  to  a  pint  of  water    JutHimi 

of  water,  some  per&ons  use  sour  beer,  and  in  lhi»  cn»t*  di»pefiM»  witk 
^^the  use  of  any  kind  of  alkali.     The  mou]'                      •  cupd»  u» 

^■formed,  fie.  189,  consists  of  a  bevelled                 _        nd  a  ^hm, 
^^^^ade  of  the  same  metal  and  fitted  with  a  w«A>4ieu  haiul^               1 

^^Hittke  the  cupel,  the  cavity  is  nrnrlv  flllH  m'th  thr  motftoi^l               J 

^^ftsh,  which  is  first  eompre«:8                                                '  aiW««^idB 

^^pntli  the  diei  which  \3  \\^V                                             .xu«ei)^^^ 
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mallet,  fig.  190.     When  auffieieiitly  consolidated  the  die  is 

drawn,  and,  hj  intr<3dueing  a  wooden  cylinder  which  exactly 

"be  aperture,  the   cupel  is 

it  difficulty  removed-     The 

'  the  wooden  cylinder  is 

?time«  liable  to  crumble  the 

of  the  cupel ;  and  for  this 

a  looae  iron  plate  r,  exactly 

the  bottom  of  the  Tiioula, 

often   introduced  before  the 

ih  is  placed  in  it.     When 

is  precaution  is  taken,  the  iron 

»t^ta  the  bottom  of  the  cupel, 

id  enables  the  operator  to  uao 

maiderable  force  without  injury 

'le  edges  of  the  newly  made 

The   iron  plat«  has  evi- 

[y  to  be  replaced  at  each  operation,  and  with  the  cupel  before 

r"n  forced  out  of  the  mould.     When  made,  the  cupels  are 
to  dzy,  and  are  then  ready  for  use. 


PALLIJBOT  OF  LEAD. — EKOLlBtt  PBOCE88  OF  LEAB-BMlLXraG, 

metallurgie  treatment  of  the  ores  of  lead  varies  both  in 
accordance  witli  the  composition  of  the  minerals  operated  on,  and 
with  regard  to  the  nature  of  the  fuel  to  be  obtained  in  the  locality 
in  whicE  the  mines  are  situated. 

To  describe  all  these  different  modifications  would  require  more 
space  than  could  be  conveniently  devoted  to  one  metal,  and  I  shaJl 
tnerefore  merely  endeavour  to  explain  a  few  of  the  methods  moat 
commonly  employed,  and  which  may  aft  the  same  time  serve  as  types 
of  the  various  metQllurgic  classes  to  which  they  severally  belong, 

The  orea  treated  in  this  country  principally  consist  of  galena, 
which,  before  it  comes  into  tho  hands  of  the  smelter,  has  been 
deprived,  by  a  careful  mechanical  preparation,  of  a  large  proportion 
of  the  earthy  and  Biliceoua  ingredients  with  which  it  was  ori» 
ginally  associated. 

The  furnace  in  which  the  reduction  of  lead  ores  ia  usually 
eflTected  in  Great  Britain  is  represented  by  figs.  191  and  192,  of 
which  the  first  represents  a  vertical  section,  and  the  second  a 
ffround  plan.  The  sole  is  commonly  about  8  feet  in  length  and  6 
feet  in  width,  andia  formed  of  fused  slags  obtained  from  preceding 
operations,  and  worked  into  the  proper  form  when  in  a  pasty  and 
semi-fused  state.  Towards  tho  centre  of  tho  hearth^  atu^ifto. 
which  the  fuEcd  metal  accum>i\sAi<i^  \  w:A  ^^- 
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LEAD. 


point  is  situated  the  tap-bole,  tliroui^h  which  the  reduftd  M  k 
at  a  subsequent  period,  allowed  to  flow.   Tlic  hent  h  hjhIIihI  bji 
dre^plac«*f  u*  isituated  at  one  end,  and,  before  rent  u 

to  pass  o\er  the  fire-bridge,  e,  about  one  to*  :    .igh* 


1  i  4 


A  kjlr 


T. 


brvlM)) 


-^^iift.^^ 


.     iUv. 


rxGiisn  Fvootn  or  lbaehsvelttko. 
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tendency  p<»?es»ed  by  the  lead  fumes  to  fuse  and  choke  the 

8,  it  is  necewary  to  be  enabled  to  get  readily  at  them  for  the 

*^o»e  of  their  removaK    The  door,  o,  for  supplying'  the  coals  to 

e-   grate,  is  situated  ou  the  fare  of  the  furnace  i-alleil  I  he  labourer's 

•i^?.     In   addition  to  this  opeuin^^,  there  are  thrtt*  other  holes, 

,^    ^90  placed  in   the  same  ^vall  of  the  furnace,     Thci*e   nieoaure 

''^Out  8  inches  by  11  inches*,  and  are  covered    hy  iron  plates,' 

ti ieh  can  be  remoTcd  without  difficulty  when  the  charge  needs 

**ring,  or  a  current  of  iiir  is  required. 

*The  opposite  face  i«  known  by  the  name  of  the  working  side, 

like  the  other,  is  furnished  with  three  small  doors,  h\  for 

ling  the  ftimace  and  working  the  charges.  The  flcx>r,  composed 

furnace  slag,  is  made  up  nearly  to   the   small   door   on  the 

,,.^t>ourer's  side,  but  declines  towards  the  other  walK  so  as  to  be 

3^*  inches  below  the  middle  door ;  and  here  it  communicatee  with 

^'^^^  tap-hole,  B.  by  which  the  lead  is  nin  ^»ut  into  a  large  cast-iron 

'  ^^^n,  c,  set  in  a  niche  a  little  under  the  furnace  side.    In  the  centre 

^*^  the  arch  there  is  eometimeg  a  email  ope4nug,  fitted  with  a  sheet- 

^*t3n  hopper,  i,  in  which  a  charge  of  ore  is  always  kept  ready  for 

*^tting  down  as  soon  as  that  which  is  betne  worked  in  the  furnace 

^a  withdrawn.     This  spout  is  proiided  with  a  damper^  which  is 

*>pened  and  shut  by  an  iron  lever,  so  that  on  its  withdrawal  the 

■^hole  of  the  contents  of  the  hopper  at  once  fall  on  to  the  floor  of 

tlie  fijmace. 

As  soon  as  the  whole  of  the  lead  from  the  precedinpj  chartre  has 
been  drawn  off,  and  the  wings  cleared  out  and  removed,  the  hopper- 
shuttle  is  withdrawn,  and  another  charge  of  ore  allowed  to  fall  oi 
the  floor  of  the  furnace.     The  weight  of  lend  constituting  a  chi 
r  a  furnace  of  this  description  difl!ers  both  in  accordance  with  i1 
and  the  quality  of  the  mineral  treated  :  in  the  North  of  En^' 
d  about  12  cwts.  are  commonly  charged  at  one  time^  but  m 
ales  firom  20  to  24  cwts.  are  treated  at  one  charge. 
As  soon  as  the  charge  has  been  let  &11  from  the  hopper,  a 
labourer,  placed  at  the  back  doors,  spreads  it  out  eaually  over  tbdj 
bottom  ot  the  furnace  with  an  iron  rake.     The  ooors,  togell 
th  the  dampers  comnninicating  with  the  flues,  are  now  clo» 
~  the  ore  from  time  to  time  stirred  about  with  an  iron  paddli 
order  to  expose  fresh  surfaces  to  the  action  of  the  air,  which ' 
stantiy  enters  into  the  laboratory  through  the  fptoea  exittaig 
een  the  openings  and  sheet-iron  doors  by  which  they  are  par- 
dosed.     During  the  first  two  hours  which  eUpse  after  chug- 
TOg,  but  Tery  little  fuel  is  thrown  on  the  erjite,  and  the  roasting 
tberefore  principally  carried  on  by  the  neat  radiated  from  the 
of  the  furnace  itself,  and  which  had  become  heated  to  bri^cht 

dnrinff  the  latter  part  of  the  preceding  %hifi. 

*At  ^  of  two  bouni  from  ibci  eonnineQDeiai 
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apeniiaii,  tlie  iiiuMiii  aneltar  apem  ^tte  Hro  front  docflB 
~  Irooi  tiw  lire,  mad  tlvovs  into  tbe  fbmace  the  iflP 
off  tiw  flaE&e»  df  tbe  loid  obtained  fimn  the  d 
after  it  lias  been  eoikictoi  in  the  external  pot  or  Icad-^ 
€1,  and  at  the  aioie  time  his  isaiitBiit,  through  tJie  back  moi^ 
toms  merthe  roaatod  oce  with  a  long  iroo  paddle. 

After  a  short  tune  the  tap-hole  is  opeoed  for  the  ptirpote  «f 
nmniiig  off  ^e  metallic  lead  abtaiBed  horn  the  rich  iia^  sdM 
and  the  charge  wum  wotioed  ofrer  vifh  an  inm  paddle  tm  hdbs 
described.  At  this  stage  the  dsmper  la  sliffhtly  nused  ai)  1 
fuef  thrown  on  the  fire;  the  interior  of  &e  furnace  qu 
stunes  a  dull-red  heat,  and  the  fusing  matters,  which  begin  lo-JA 
down  into  the  interior  ba&in,  are  brought  back  br  the  8inelt^| 
the  part  of  the  sole  immediately  before  the  fim-bndge,  wherr  lH 
are  unifbrmlj  spread  orer  the  sur&oe  br  his  aasistant,  wfio  nifl 
duces  his  paddle  through  the  back  doors.     A  little  j^ 

also  thrown  through  the  oentral  opening  on  the  bat  .ifl 

lead  which  begins  to  accumulate  on  the  depressed  part  tit'  tbt^  i^| 
After  a  certain  intenral,  the  labourer  again  mixes  with  ll^  t'^MM 
the  Yarious  substances  of  which  the  charge  is  com  p  \fl 

the  smelter,  with  a  large  iron  rake,  pushes  the  sLit,,  »;.,^  H 
surface  of  the  inner  basin  back  apain  to  the  raised  part  of  fl 
hearth  directly  before  the  fire-bndge.  The  doore  are  nov^l 
open  for  a  short  time,  and  the  metallic  lead  which  has  been  pMJ^I 
back  before  the  bridge  with  the  slag  flows  back  to  the  loirfr  pV 
of  tbo  iole. 

The  occasional  cooling  of  the  furnace  is    *        '      -     ^^oSi^dM 

the  separation  of  the  products,  and  thereby  -  ^enl^l 

^  At  the  erpiraiion  of  from  three  to  throe  auii  d  boil  Laurie  ^M 

Vmpcr  is  entirely  opened,  and  the  grate  supplied  with  a  ^xH 

amount  of  fuel ;  the  doors  are  then  aU  shut,  and  the  fbrntc?* 

Iiift  in  that  state  during  tlu^e  quarterH  of  im  hour. 

At  a  little  more  than  four  hoiu^  from  the  time  of  first  chare^C 
the  doors  are  again  opened,  and  the  assistant  ptlr^  th.-'  rncirrtt 
of  the  furnace,  for  the  purpose  oft 
intf'rior  basin  of  the  particles  of  m 

pu«hew  biu'k  to  hiiu  the  slags  which  have  accumulated  itt  the  kfwof 
part  nfthc  furnace.  A  little  quicklime  is  also  again  added,  (arih 
douhlo  p\ir|)o«o  of  llbemtiiig  a  portion  of  oxide  of  leaiU  aadreB- 
dcring  the  slags  Ions  liquid  and  more  easy  of  ^f*'  -vr.!  \^.,r^-  hn- 
in  nt»w  pla*x*d  on  the  grato»  and  a  little  \< 
,..i^  .*  .  r.. „,.,..,, ,  ^Ijj,  (loora  app  ngain   ahi;! 

nut<^s.     At  the  expiration  oi 
Mir  ,-vii  n  <uir^^iM\,  n,tvd,  bN' unclosing  t^     '       ^  ^i 

i\w  motiiUic  \eiw\  lo  4o>K  vwVxi  <  W^ 
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p^i^Tifoin  and  the  skga  thus  dried  up  are  subsequently  removed 
'        '    '  ■  '  '   >iirer  through  one  of  the  back  doors  of  the  furnace. 

well,  each  ton  of  ure  smelted  consumes  ten  cwts.  of  coal ; 
idsington,  in  Yorkshire,  where  a  more  fusible  galena  is 
aad  the  operation  m  extended  over  a  somewhat  longer 
^me  amount  of  ore  is  elaborated  at  an  expense  of  7^ 
of  fuel. 
Xhe  irhole  shift  of  a  smelting  furnace,  including  the  time 
c^^aaarr  for  casting  the  lead  into  piga,  occupies  from  *5i  to  7  houra. 
Xn  this  process,  the  first  effect  produced  on  the  ore  by  itts  gra- 
ting is  to  convert  a  portion  of  the  galena  into  sulphate 
by  the  oxidation  of  its  constituents  ;  another  part  become*^ 
into  oxide,  with  the  evolution  of  sulphurous  aeid  gas  ; 
third  quantity  remains  either  entirely  miatfected^  or  but 
^  ^.^^nKXT  modified  by  the  treatment  to  which  it  has  been  subjected. 
^  ^h*:n,  in  the  after  periods  of  the  operation,  these  three  sub- 
^  dances  are  strongly  heated,  a  reaction  takes  place  between  tho 
k  ^lifit'  and  sulphate  of  lead  formed  and  the  undecomposed  sul- 
^  ^'  I :  this  gives  rise  to  the  liberation  of  metallic  lead,  wbidi  ia 
ted  in  the  bottom  of  the  furnace,  and  the  formation  of  sul- 
1  »UB  acid,  which  escapes  in  the  gaseous  form,  and  is  carried  off 
e  flues  to  a  high  chimney,  from  which  it  ejicapes  into  the  atmo- 
This  repeated  cooling  of  the  furnace  during  the  manipu- 
brings  back  the  fused  materials  to  a  pasty  condition^  in 
ch  state  they  admit  of  being  readily  disintegrated  by  the  action 
the  riaddle,  and  consequently  aifortl  a  larger  surface  exposed  to 
« »f  the  atmosphere  present  in  the  apparatus.  The  poro- 
maas  likewise  facilitates  the  percolatiou  of  the  streamlets 
of  metallic  lead,  which  thereby  more  readily  gain  acoeaa  to  the 
internal  resenotr  of  the  sole. 

The  dning  up  of  the  slags  by  the  use  of  caustic  lime  tends  to 
liberate  the  oxide  of  lead  present  in  those  compounds,  and  this, 
on  being  set  free,  Tea<:ts  on  any  undecomposed  sulphuret  which 
has  resisted   decomposition    by   roasting.      It    is    also  of  ser- 
^ice  in  mechanically  thickening  the  scoriae,  and  thereby  rendering 
them  tit  for  bubnequent  removal  by  the  rake.     The  iron  tools  em- 
ploved  in  this  operation  are  rapidly  attacked  by  the  fiiaed  galena^ 
and  also  tend  to  efiect  the  liberation  of  the  metallic  lead.   The  snuil 
quantities  of  coal  which  are  Ukewiee  added  in  the  latter  stages  of] 
the  openition,  aid  in  the  reduction  of  the  oxide  formed,  and  prerenal 
the  oxidation  of  the  reduced  metal  obtained  by  the  other  reactiona. 
CalctQiair  or  inprvTisir. — The  metal  obtained  by  the  proce«i^ 
aboTe  de?«rrib^d  {tlmr>*t  invariably  contains  a  sufficient  amount  of  ^ 
<.ttion  a  matter  of  commercial  importaiucx* 
L  :t  is  not  ufcfrequenUy  aModaXe^ isiC^ 

I     -^/,  ^iiv  t  i  aofoe  other  impurities,  m\\u:\i  wpP 

■    ■  m     \ 
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ie  of  this  urangement  consuto  of  m  Inge  cist  iroo  pAzi 

•et  in  len^h^  5  feet  in  vidth,  9  incheB  in  depth  »t  the 

A,  and  8  iaubes  at  the  other     This  is  placed  perfectly 

rests  oa  a  ma^  of  masonnr  2  feet  6  inches  above  Hie 

,  IB  bedded  on  a  thin  layer  of  aand,  in  order  that  it  may 

reiy  part  a  good  and  eqmU  bearing.     Around  this  pan, 

lUow  lor  esxpandion,  not   in   contact  with  it,  are   built 

I  on  which  the  arch  of  the  furnace  i&  supported.     This 

t  the  extremity'  A^  6  inches  above  the  le^el  of  the  sole 

at  at  the  other  extremity^  B,  it  is  1  foot  6  inches  from  the 

s.     The  fire-place  ia  5  feet  in  length,  and  1  foot  6  inches 

and  is  divided  from  the  lead-pan  by  a  tire-bridge  2  feet  3 

width,  and  rising  about  6  inches  over  the  edge  of  the 

[ular  iron  basin. 

e  other  eitremity  of  the  furnace  are  the  flue««^  E^  by 
e  draught  into  the  raaiii  cbimnev  is  established.  The  pan  is 
furnished  with  an  iron  lip,  p,  \>y  which  its  eontouts  can 
IF  into  a  trip<xl  rt'cei ring- pot  when  sufficient! v  purified. 
3  iron  pot,  c,  set  io  brick-work,  ia  used  for  the  purpose  of 
le  pig5  of  impure  lead  to  be  operated  on,  whicli  is  after- 
ided  into  the  calciDiiig  furnace  by  the  aid  of  a  sheet-iron 
trodueed  through  the  aperture,  H,  which,  when  not  thus 
d,  is  carefully  shut  by  a  small  daniper 
barge  of  one  of  these  funiaces  varies  from  6  to  8  tone  ; 
>re  it  can  he  laded  in,  the  spout,  r,  whidi  is  grooved  for 
ptiou  of  a  door,  is  closed  by  the  introduction  of  a  pro[»iT 
sheet  iron,  behind  which  ia  placed  a  dani  made  of  a  fire- 
miy  luted  in  it«  place  with  a  little  moistened  bone-ash. 
He^  together  with  the  external  iron  pliite,  is  notched  at  the 
ittemity,  80  as  to  form  a  sort  of  tapping-hole  at  the  level 
ottoin  of  the  iron  pan. 

I  the  dam  has  been  properly  arranged,  and  the  fire  has 
hted  Builieieutlv  long  to  heat  the  sole-plate  to  incipient 
the  fused  metal  is  Laded  into  the  furuiiee,  and  the  ttpera- 
calcination  begins.  The  nllny  wliieli  iinn  been  charged 
furnace  soon  becomes  covered  on  the  «urtaee  with  t\  tlik-k 
r  scum,  which  ia  frequently  removed  by  an  iron  rake 
I  the  door  i^  and  a  clean  metallic  surface  thus  constantly 
.  The  length  of  time  required  for  the  punlieatioii  of  tlu^ 
.^esHarily  depends  on  the  nature  and  amcumt  of  the  suh- 
with  which  it  is  combined;  and  consequently  some  va- 
>f  hard  lead  will  be  sufiiciently  improved  at  the  expiration 
ire  hours ;  wliiLst  it  is  neeuiksary  in  other  instanees  ta  cau- 
le  operation  during  thne  or  tVtur  cousecullvA;  "wev^W^* 
Jjokm^^is  in  a  fit  state  for  ta^pVwi^.  ^  «ro\il\  \««* 
*lo  and  poured  into  &  «Ta\»JL^  movi\.\  v 
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purpose  is  observed,  on  cooling,  to  assume  on  the  saxfut 
A  pwttlkr  Saky  cfystalline  appearance,  which*  when  once  Bctin,  it 
mmkf  igam  lecognised.  Immediately  that  this  apDeanuw*  pre- 
sents itself,  the  plug  of  bone^aah  is  withdrawn^  ana  the  b^ad  rm 
off,  through  a  moveahle  iron  spout,  into  a  pot  supported  on  i 
tripod  stand,  from  which  it  is  Bubsequently  laded  out  into  luoullf. 

C— gtptrmttoti  nf  the  Silver  c«nt4diicd  In  Le«4 — PatilaMS^ 
flic**. — This  method  is  founded  on  the  circumstance,  &r*i  no 
tieed  in  the  year  1829,  by  H.  L.  Pattinson,  Esq.,  of  Xe^castWti- 
Trne,  that  when  lead  containing  silver  is  melted  in  a  suitabit 
vessel^  and  afterwards  suffered  to  cool  very  slowly  with  con^tttit 
stirring,  at  a  certain  temperature,  near  the  melting  Doint  of  lesd. 
email  metallie  crjatala  begin  to  form  within  the  fluid  alloy,  whidi, 
as  rapidly  as  they  are  produced,  sink  to  the  bottom,  and,  cm  liein^ 
removed^  mv  found  to  contain  much  leas  silver  than  the  lead  on- 
guiallv  (ipemted  on:  the  still  fluid  alloy  from  wluch  the  crysttl* 
have  been  removed  is  at  the  same  time  rendered  proportionaliT 
richer  iu  silver. 

The  np])lu%'viinu  of  this  discovery  constitutes  '*  Pattinson's  Pn> 
cess,"    *mch.   when   the   above   detailed    principles   have   b«n 
properly  uuderstvHxi,  beoomea  extremely  simple.   A  series  of  eigiil 
or  Um  CA:>t  inm  |x»ts  arc  set  in  a  row,  with  a  fire-place  beueslh 
each.     The-jse  are  each  capable  of  holding  about  5  tons  of  t 
lead ;  and,  on  cv*mmencing  the  operation,  that  quantity  oi 
which  is  called  original  lead,  containing,  it  may  be,  abou: 
of  silver  per  ton,  is  introduced  into  one  of  them  placed  ah 
middle  of  the  series :  this,  when  melted,  is  carefully  nkimiued  witii 
a  small  perforated  ladle,  and  the  fire  immediately  withdrawn  from 
beneath  the  pot.     The  lend  then  begina  ver}'  slowly  to  cool*  and  ii 
constantly  kept  stirred  with  a  long  iron  paddle  or  tticf.     In  J 
short  time  small  sulid  particles  or  crj^stals  of  lead  begin  to  form 
among  the  fluid  mass  ;  and  these,  as  they  accumulate  and  fall  to 
the  botUnn  of  the  pot,  are  removed  by  means  of  a  targe  perCoTnlvA 
ladle,  in  which  they  are  well  shaken,  and  afterwards  carrie*i  .»wr 
to  the  next  pot  to  tlte  right  in  the  series.     This  operation  l 
until  about  four  tons  of  crystals  are  taken  out  of  the  pot  jv. .  .. 
in  which  we  ^vHl  suppose  the  original  lead  to  have  been  melted, 
and  have  been  placed  in  the  pot  No.  3,  at  which  time  the  lead  oJ*lhl^ 
pot  No.  4  will  contain  about  thirty  ounces  of  silver  per  ton,  nxid 
that  contained  in  iNo  3  onl)-  about  five  ounces.   The  enriched  lead 
in  the  bottom  of  pot  No.  4  is  then  laded  into  the  next  pot,  N<».  5, 
to  the  left  in  the  series,  and  the  same  operation  repeated  in  pot 
Six,  4  OU  a  fresh  quantity  of  lead. 

Iftttlia^ay  OTS^muXV^ki  "\«.  mqw^S^xAVj  \3afcco«lii  *     re- 
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ten  fiHecl  up  with  lead  of  its  own  qiiulity  as  regimis  produce  in 
kcr,  is  continually  crystallised,  the  poor  lead  passing  to  the  right 
id  the  ri^h  to  the  left,  it  endently  t'oUows  that  the  eryetala  from 
le  pote  to  the  right  must  become  gradually  deprived  of  their  silver, 
hilst  the  enriched  lead,  os  it  advaiieeB  HueeesBively  from  pot  to  pot 
iw&rds  the  left,  becomes  richer  and  rielier  ;  the  fimil  retiiiJt  bemg 
at  the  end  of  the  series  the  poor  lead  eoutaina  but  a  inert"  trace 


1111 


^fiilver,  whilst  the  liquid  alloy,  on  the  other  hand,  hecnmes  so  rich, 
lat  a  large  plate  of  Hiiver  is  obtained  by  submitting'  hut  a  fltnall 
uantitj'  of  it  to  cupelhition.  By  these  "repeafed  tT\>*talti8atiou&^ 
laahtjr  of  the  poor  lend  is  likewise  founixo  Wm\Mi\i\5a^^y 


iC 
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TtoB  process  is  now  followed  in  nearly  all  the  lead-iomiii|; 
tricts  Qt  Great  Britam,  and  bj  it  the  produce  of  silTeroii 
United  Kingdom  lias,  within  the  last  twenty  yean,  been 
than  doubled.    In  addition  to  this,  large  quantities  of  \e§d  MS 
mnuaUy  brought  to  England  for  the  purpose  of  being  desili 
by  its  application. 

Tlie  arraugement  of  the  pots  in  which  the  crystaUisation  of! 
containing  silver  is  earned  on  is  represented  figs.  195  and 
bat,  &om  want  of  space,  three  only  of  the  aeries  are  included^ 
the  woodcut,     a  a  are  the  ordinary  vH)rkwg-pot9  in  wl         ' 
crystals  are  obtained,     b  is  the  p<x>r  or  marAef-pof,  pliu'rd^ 
eitreroe  right  of  the  arrangement,  and  which   i 
than  the  others :  from  this  pot  the  poor  lead  \a 
into  the  moulds,  and  for  thLs  purpose  it  is  a  little  \m 
raised  abore  the  level  of  the  floor  than  those  wliich 
adjoining.     During  the  working  of  tlie  procc(w«  the 
employed  in  taking  out  the  cryBtols  is  liable  to 
chilled ;  and  when  this  is  the  case,  the  len<l  a^lhmst] 
it  so  firmly  as  to  stop  up  the  holes  with  which  it  isp 
rated.    To  remedy  this  inci  tnvenience,  snuvU  vej»k*el ' 
fused  lead,  raised  to  a  higher  temperstim?  than 
the  larger  pans,  are  placed  between  each  two,  with 
exception  o1^  the  market  pot^  which,  as  it  is  not  u*ed 
preparing  cnkstals.  is  never  worked  in  the  stune  wayJ 
the  others.     These  vessels,  c,  are  callcHl  / 
are  usually  two  feet  in  diameter,  and  thei  ■  l 

the  ladle  and  allow  it  to  stand  upright.     The  o^l 
of  the  arrangement  extends  the  whole   length 
series,  and  is  partially  covered  by  the  flooring,  r, 
is  supported  by  a  row  of  slender  iron  ptliara.     Thi*  w 
proached  by  a  ttii;!it  of  steps,  o,  by  which  the  wai 
can  descend  for  the  purpose  of  attending  to  thr  trn-i 

The  ladle  by  whicn  tne  crystals  are  r- 
pots,  fig.   197,  is  about  18  inches   in   .. 
inches  m  depth :   the  part  which  is  of  iron   is 


4  feet  6  inches  in  length,  and  ii»hi  tlu-    K«>i-li»>t    U  in- 
serted a  wooden  handle  which  i 

The  bottom   of    the   Indle   is    , 

holes  for  the  escape  of  the  hquni 

its  breaking  when  full  of  crj-staili 

of  the  shank  where  it  is  welded  to  i 

tremely  thick  and  strong.     When  ti 
*^''     filled  with  crystallihed  lead,  it  is  dni 
by  tho  weight  of  tlo '         '  ; 

briik-wiirk  and  ubtts 
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^Bgam  letB  himaelf  down  on   the    floor.      On    the   etlge  of 

pot  ii  placed  a  Urge  pig  of  lead,  iuto  the  yppt-r  yurface  of 

a  bar  of  iron  has  been  cadt,  and  this  8t:r\es  uh  a  fulcrum  on 

sh  the  ehank  of  the  ladle  rests  whilst  it  ia  being  violently 

Len  by  the  workman,  who,  standing  on  a  wooden  bridge  tlirown 

the  aeh-hole,  applies  all  hm  force  in  jerking  at  the  other 

Mnity. 

"hen  the  crystallised  lead  has  been  sufficiently  drained  by  this 
tment,  the  shank  of  the  ladle  ia  placed  in  a  lumk  attuchea  to  a 
hanging  from  one  of  tlie  beama  of  the  mof,  and  is  tliercby 
over  the  pot  next  in  the  series  to  the  right,  when?  its  con- 
are  allowed  to  fall.  The  poor  lead  pn -pared  by  this  process 
Id  never  contain  more  than  10  dwts*  iif  siher  to  the  ton  of 
imd  the  rich  lead  is  seldom  concentrated  much  beyond 
ousoea  to  the  ton,  m  beyond  this  point  the  cryiitaU  obtained 
le  too  strongly  charged  with  the  more  valuable  metal. 
iBlBff  of  liilTcr. — The  extrat^tion  of  the  silver  contained 
in  rich  lead  ia  conducted  in  a  cupel  forming  the  boltoni  of  i\ 
peculiarly  arranged  reverberator)'  furnace  culled  a  rrfiniTy,  tigs. 
198  and  199.  In  thii!  operation,  the  litharge  produced,  inst-i^ttd 
of  being  absorbed  by  the  substance  of  thf  cupel,  is*  niu  off  in  the 
fluid  state  by  a  contrivance  pre&tmtly  to  be  dt^scribed.  Thr  lire- 
place,  A,  is  about  tvtO  feet  square,  aud  separated  iVcun  thi*  btnlv  of 
the  furnace  by  a  fire-bridge  IS  inches  broad,  ho  timt  the  llanic  and 
heated  air  pass  directly  over  the  Hurftice  of  the  cupel,  h,  and 
from  thence  escape  through  the  two  openings,  o,  into  tlu^  flue, 
B,  in  connection  with  the  main  c^hininey  of  the  cHtabliHlinvent.  Tlio 
cupel  or  ie«t  coneists  of  an  oval  iron  fniine,  eyrroimded  hv  a 
ring  four  inches  in  depth;  its  greatest  diamctiT  being  (oyr  Icet, 
and  its  lesser  two  feet  and  a  hali»  TIok  fnnne  ih.  In  onler  tho 
better  to  support  the  bottom  of  the  cupel,  provided  wilh  four  or 
more  cross-bars,  which  are  four  inchei*  m  width  and  half  an  inch 
in  thickness :  the  fu*8t  of  these  is  placed  ahnut  nine  inchcB  from 
the  fore  part  of  the  frame,  and  the  others  at  egnal  distances  from 
this  bar  to  the  other  extremity  of  the  rinL  Tln^t  test-fmnie  is*  now 
beaten  fuil  of  finely-powdered  bone-ash  slightly  moistem^d  witli 
water  containing  a  small  quniitity  of  cfirbonate  of  potash  (pearlash), 
which  has  the  property  of  ngglutinating  and  giving  ctmsistency 
to  the  bone-ash  when  heated.  The  centre  of  the  cunt?l,  afl^T 
the  ring  has  been  well  filled  with  this  mixture  atul  solidly  beaten 
down  with  iron  rammers,  is  scooncd  out  by  a  small  trowel  until 
the  sides  are  left  two  inches  in  tnickneHH  at  top,  and  three  inrhea 

rfc   bottom;    whilst    the    thickness    of    the  sole    itheir  la 
to  one  inch  above  the  surface  of  tlic  iron  croaa-pieces. 


i 


thci  lore  put  of  iht  teiC 
tier  is  inmued  k>  file 
bottain  whiek 
iriuch  the  fluid  lithMse 


t.. 


t*»igv^  *l  4*  {3^3^ 


ENGLISH  iTETHOD  OF  BEFHTCrO. 


501 


it  an  iron  ring,  or  cmnprn^-bar^  firmly  buHt  into  tbe  masonry. 

le  bdgfat  of  the  arch  of  the  furnace  above  %\\h  bar  is  thirteen 
inches  on  the  side  of  the  fire-brJd^e,  and  nine  at  the  flues. 

When  this  fjirnace  is  firist  lighted  it  ia  necessary  to  apply  the 
heat  with  considerable  care,  since,  if  before  the  test  had  become 
properly  dry  it  were  subjected  suddenly  to  too  high  a  temperature, 
It  would  be  liable  to  split  and  fall  to  pieces.  As  soon  as  it  baa 
become  perfectly  dry,  ami  is  brought  to  a  cherry-rod  heat,  it  ia 
nearly  filled  with  the  rich  load  t<i  be  operated  on,  and  which  has 
been  prenoualy  fused  in  the  east-iron  pot,  E,  beneath  which  is  a 
flmall  pit-coal  fire.  The  melted  lead,  when  first  laded  into  the 
famace  through  the  spout,  e,  becomes  C4>vered  on  its  surface  by  a 
greyish  dross ;  but,  on  increasing  the  heat  to  incipient  whiteness, 
the  surface  of  the  bath  uncovers,  and  a  covering  of  ordinary 
oxide  of  lead  or  htharge  begins  to  form. 

The  blo\nng  apparatus,  which  furnishes  the  blast  to  the  tuyere, 
y,  is  now  set  in  motion,  and  forces  the  litharge  from  the  back  of 
the  cupel  up  to  the  breast,  and  over  the  gateway,  Irom  wliich  it 
fidla  through  the  aperture  in  the  cupel  into  a  moveable  iron  pot 
placed  fur  that  purpose  on  a  level  with  the  Hoor  of  the  smeltmg 
house.  This  current  of  air,  which  may  be  supplied  either  by  a 
ventilator  or  bellows,  not  only  sweeps  off  the  litharge  from  the 
surface  of  the  lead,  but  alao  turnishes  the  oxygen  reipiired  for  its 
formation,  care  being  at  the  same  time  taken  to  keep  up  the  proper 
degree  of  heat. 

Ill  proportion  as  the  surface  of  the  lead  becomes  depressed  by 
its  continual  oxidation  aud  the  coostaiit  removal  of  the  litharge  i 
formed,  more  metal  is  added  from  the  melting  pot  so  as  to  raise  i 
it  to  its  proper  height,  and  in  this  manner  the  operation  is  con- 
tinued until  about  five  tons  of  rich  lead  have  in  successive  portions 
been  intrfiduced  into  the  test. 

The  contents  of  the  cupel  m«  now  so  tar  reduced  in  volume 
that  the  whole  of  the  silver  contained  in  the  metal  operated  on 
mav  remain  in  combination  ^ith  only  two  or  thre^e  hundred 
weight  of  lead,  which  is  now  rt^moved  from  the  test  by  makuig 
a  hole  tlirough  the  bone-ash  forming  the  bottom.  When  the  j 
rich  load  has  been  thus  removed,  the  tapping-hole  is  again  closed"! 
I  "'  t  of  moistened  bone-a^nh,  and  another  charge  is  imme- 

(1  reduced.     Atler  a  sufficient  number  of  these  parcels  of 

rich  jcul  have  been  obtained  as  are  found  by  aasay  to  be  capable 
of  yielding  a  cake  of  silver  weigliing  from  tnree  to  five  thousand 
ounces,  they  are  again  melted  down,  and  placed  in  a  cupel, 
wbei-e  the  process  of  extracting  the  puni  silver  is  completed*  The 
tedt  used  for  this  purpose  dillerti  trom  that  in  wliicn  the  ViA&.  vi^ 


I 


» 


502  LEAD. 

first  iiitroducpd,  inaatnucli  as  it  ia  so  hollowed  out  in  the 
as  to  give  thickness  to  the  reHulting  plate  of  silver,  and  aBiwr 
space  for  the  removal  of  the  shiea  arouud  it«  edges  after  ihv  <jprtt- 
tion  haw  been  completed.  The  Drighteoing  of  the  pure  gil^ef  tf 
the  uioiiient  of  neparatiBg  the  last  traces  of  combined  lead,  Idni 
place  iu  the  large  furnace  as  in  the  sinail  cupel,  and  the  arboresool 
fonna  produced  on  the  surface  of  the  plate  at  the  moment  d 
cooling  are  frequently  of  the  moat  beautiliil  description.  Tht 
email  hood  and  chimney,  g^  shown  in  the  woodcut,  are  for  tW 
purpose  of  carrying  off  the  ftimee  of  lead  generated  during  the 
operation,  and  wluch^  if  breathed  by  the  workmen,  would  be  pro- 
ductive of  the  moat  prejudicial  effects. 

Previous  to  the  diecovery  of  the  present  methods  of  improiio^ 
and  enriching  the  metal  obtained  directly  from  the  ore»j  tumf  kit 
moderately  rich  leads  could  be  treated  for  the  Bilver  whicli  ikm 
contained,  as  they  were  on  their  reduction  immediately 
the  refinery,  where  the  combined  silver  waa  extracted,  w'- 
whole  of  the  associated  lead  became  converted  into  lit! 
had,  at  a  considerable  expense,  again  to  be  reduced  t*:' 
state.     Thie  method  of  treatment  not  only  involved  the  ei{i«^<ii» 
ture  of  a  large  amount  of  coal,  but  likewise  the  loss  of  at  I«'.i^t  7 
per  cent,  of  the  lead  operated  on ;  and  consequently  lead  t 
not  contain  from  9  to  11  oz.  of  silver  per  ton,  did  not  ^ 
being  profitably  refined,     Wbeu  the  lead  and  silver  v>^ 
associated  with  tin  or  antimony,  the  difficulty  and  expenne 
process  were  much  increased,  and  proportionally  richer  on 
consequently  required  in  order  to  render  its  extraction  a  J^n  i  i  i; 
undertaking.     By  the  improved  methods  just  described,    i     i    i     • 
taining  but  3  oji.  of  silver  to  the  ton  of  metal  may  i  i    r  li  -  : 
with  advantage,  as  from  the  circumstance  of  the  \>l«   ••     <     ; 
silver  being  concentrated  in  about  1-tenth  of  the  wt  iii'it  ■■  i»ii, 
a  very  small  portion  of  that  meta!  is  dissipated  during  tii.   .  i|   lla* 
tion.     When  \"ery  rich  lead  is  operated  on,  the  plate  of  sihrr  ll 
sometimes  directly  worked  otf,  mstead  of  tapping  the  rich  aUof . 
from  the  cupel  in  the  way  above  described.    The  lithargw  obtaiatd 
from  the  renning  furnace  carries  off  with  it  a  notable  qtumttty  id 
flilver,  and  is,  therefore,  together  with  the  reduced  cupcu  boitcmit 
again  treated  for  the  extraction  of  that  inetal. 

Beduetnir. — The  reduction  to  the  mt  f  -^:;« 

from  the  refinery,  the  pot  dross,  and  th  y.^ 

from  the  ciilcining  pans,  is  effected  in  a  rev  <  y  a|fpiBral«S 

somewhat  resemhling  in  form  the  smcltint'  fu  rttt  lliat  ill 

dimensions  are  sraaDer,  and  that  thes>  1  •<* 

beneath  the  middle  door  than  at  any  oi  -•• 


^^^^"^■^  tbe  fire-brid^  to  U>e  floe  st  tbe  opposite  eitremitr, 


ts  ft 
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MEDrcnoy  OF  TTTE  LTTDUEGE, 

^^^QUntlj  remant  opem 

^^^^7  fiowB  out  into  m  hmR  iron  pet  pbeed  on  the  aide  of 
^^^laoe  for  its  reeefrtioa :  friNn  thu  it  u  BiiitMequentlj  bded 
^    ^^per  moulds,  unudlj  betting  tlie  name  of  the 
^^"^^|J«i?  by  wbioh  it  hat  been  piepved. 

^i^^J^'OPf.  being  throini  into  tbe  furasce,  the  lithiree  is  intimately 
C%w^  witb  a  quADtity  of  miaU  ooal,  ainl  is  then  charged  on  thii 
!Vt^^  gf  the  hearth  which  liea  immediatelr  before  tbe  fire-bridge, 
^^?ent  tbe  fused  oxide  &om  altnckinff  the  bottom  of  the  fui^ 
^  and  also  to  afford  a  sort  of  faoBov  titer  for  the  liquid  metal^. 
^4^  worlrroiin,  before  charging  the  Bubatmiee  to  be  reduced,  eoTen^ 
^^T/^  iole  with  a  layer  of  about  two  inches  in  thickness  of  bituminous 
mP^a.    Tlte  hes,t  of  the  furnace  very  soon  causes  the  ignition 
^Ju  stratum,  and  it  therefore  quickly  becomes  burnt  to  the  afca^^ 
^f  s  »p*jngy  red-hot  cinder,  upon  which  the  mixed  Litharge  and 
Jij^naceoui  matter  is  chiu*ged.     The  reducing  gases  present  in 
*i|0  furnace,  aided  by  the  small  coals  in  the  charge  itself,  cauae 
tlie  reduction  of  the  litharge,  which,  assuming  the  metallic  fonn, 
gradtialiy  flows  thixiugh  the  interstices  in  the  cinder,  and  falls  into 
tbe  depression  at  the  extremity  of  the  hearth,  from  whence  it 
gradually  flowii  through  an  iron  sptiiut  into  the  external  pot  in. 
which  it  ia  collected.     The  surface  of  the  charge  is,  dunng  it»i 
elaboration,  frequently  scratched  over  with  an  iron  rake,  pine^  for 
tbe  double  purpose  of  exposing  new  aurface*  to  the  action  of  the 
iiimace,  and  also  to  enable  the  reduced  lead  to  more  readily  floWi 
down  to  the  other  end  of  the  sole,  and  which,  if  too  long  exj 
to  the  action  of  the  heated  gases,  would  experience  conaidcrable 
loss  &om  sublimation  into  the  fluea.      Fresh  quantities  of  the 
mixture  of  litharge  and  small  coal  are  from  time  to  time  added» 
proportion  as  that  already  thrown  into  the  furnace  diaappeara,' 
and  at  the  end  of  the  fihiff,  which  usually  lasts  twelre  hours,  the 
,  cinder  fl<x)r  is  broken  up  and  pined^  together  with  the  residual 
matter  in  the  furnace. 

The  temperature  at  this  period  is  likewise  a  little  raised^  and 
the  last  quantities  of  lead  extracted.  A  furnfice  of  this  kind, 
having  a  sole  eix  feet  in  length  and  fi\e  in  width,  will,  from  or- 
dinar}-  litharge,  afford  about  three  tona  ten  hundred  weight  of  lead 
in  the  course  of  twenty-four  hours. 

Before  reducing  the  dross  from  the  calcining  pans,  it  is  usually 
ground  with  a  certain  admixture  of  pit  eoal  under  a  pair  of  heavy 
edge-runners,  by  which  it  becomes  more  equally  intermixed  with  the 
carbonaceouB  matters,  and  the  composition  of  the  mass  throughout 
is  rendered  more  uniform. 
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The  hard  lend  obtained  by  the  reduction  of  the  di 
carried  to  the  calciniDg  furnace,  where  it  b  a  second  ^mbm  f^K 
jected  to  a  current  of  oxidi^icgj  gasea. 

Scoteb  FnrnacCf   or  #re  Hearth. — In  many  parts  of  ISia^tU^ 

and  narticularly  in   the  counties  of  Durham,   Cutiibc*rhiiiiL  md 
North UQiherlaud,  the  BiiieltiDgf  of  lead  ores  is  priDcipflll 
in  an  arrangement  called  a  Scotch  fiimace,  or  ore  ' 
consists  of  a  rectangular  carity  of  niaeonr),  twenty- 1 
length  and  about  twelve  in  breadth ;  its  depth  varies 
two  to  twentj'-six  iiichea,  and  the  whole  of  itti  internal  a 
lined  with  cast  iron.     The  bottom,   which  consists    of 
casting,  i»  suiTounded  by  a  led^e  t^To  inchea  and  a  half  in  thiol 
and  five  inches  in  height ;  except  on  the  side  facing  the  ie*>rk-^   __ 
a,  fig.  200,  which  is  two  feet  ten  inches  in  breadth,  and  about  OBf 
foot  six  inches  in  the  other  direction. 


OQ   iftflTf 


200. 

Tliis  is  aUo  surrounded  by  a  narrow  ledfije.  & 
except  at  r,  opposite  the  heai*th  bottom.    This  p\fi^ 
a  fall  of  about  six  iuehos  in  its  whole  width ;  it 
on  the  ledge  surrounding  the  hearth-bottom      - 

united  til  it,  and  only  form*  one  cfwtinff :  • 
\  the  joint  between  the  two  is  olostHi,  anti  itiaac  n-uiu 

cemeat  compose*!  oi  r^  \u\\X\\i«a  ^1  \^vd6^^Mi^ 


■ 
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TTatcr,  and  well  kneadfcl  together.  On  the  back  ed^e  of  the  fur- 
nace^boitoin  is  pluii'd  a  [)risin  of  cast  iron  called  a  back'Stonf,  six 
sin<l  a  half  indies  eiquarc  aod  twentj^-eight  iiit^hpH  in  length ;  un 
tliis  rests  the  nozzle  of  the  tnyere,  over  wJiidi  ia  agfiiii  placed 
another  ca«t  iron  prism  called  the  pipe-stone,  of  the  same  length  as 
the  back-stone,  and  eight  inches  in  heii^ht.  This  has  at  the  centre 
m  Cflvity  for  the  introduction  of  the  tuyere,  and  projecta  about  two 
inches  over  the  ca\ity  of  the  hearth  ;  on  it  is  again  placed  another 
back-«tone  of  the  same  dimensions  aa  the  first,  which  completes 
thtd  side  of  the  hearth,  and  Tnakea  its  total  height  from  the  &ole 
plate  twenty-five  and  a  half  inches.  Along  the  tis'o  lateral  ed^es 
of  the  hearth-bottom  are  placed  two  prismatic  trastings  called 
hearers;  theae  are  tventy-aix  inches  in  length  and  five  inches 
square,  and  consequently  project  8lio;htlv  over  the  upper  edge  of 
the  work-stone.  At  the  height  of  live  inches  above  these  bearers, 
and  at  a  diatimce  of  twelve  inches  from  the  back  of  the  hearth,  is 
supported  another  bar  of  cast  iron,  called  the  fore-^fotie,  which 
rests  on  fire-bricks,  and  has  the  same  form  and  dimensions  as  that 
on  which  rests  the  tuyere  oi  the  blowing  apparatus.  The  space 
at  each  end  of  the  fore-stone  ia  now  closed  hy  a  cube  of  cast  iron 
measuring  m  inches  of  a  side,  called  a  keystone ;  two  others,  of 
aimilar  dimensions,  are  used  for  making  good  the  space  between 
the  fore-stone  and  the  back  part  of  the  fuiTiace. 

Before  the  work-stone,  ff,  and  set  in  ma.Hniirj*  enck/sed  in  a  cir- 
cular cast  iron  jacket  o,  is  situated  the  lead  pot,  E,  into  which  the 
melted  metal,  as  it  issues  from  the  hearth,  is  conducted  by  the 
oblique  channel  /,  sunk  beneath  the  surface  of  the  iron  plate. 
In  the  woodcut  this  pot  has  not  been  placed  sufficiently  near  the 
£xniace.  To  prevent  the  escape  of  fianea  into  the  smelting-house, 
which  would  seriously  injure  the  health  of  the  persons  employt^d, 
the  entire  hearth  is  enclosed  in  a  hood  of  arched  masonry,  u,  com- 
municating with  the  chimney,  and  in  which  is  left;  a  small  door,  I, 
lor  the  introduction  of  the  ore  and  iuel.  The  uiovt^able  iron  plate, 
k^  a<lmit8  of  being  raised  or  depressed  at  pleasure,  according  to 
the  degree  of  draught  required ;  and  the  blast  communicating  with 
the  tuyere  is  rt^gulated  by  a  valve  placed  in  a  pipe  approached  by 
the  iirchetl  door-way,  L,  which  is  left  open  for  this  purpose.  The 
brick-work  is  consolidated  and  bound  together  by  the  heavy  iron 
straps  /,  kept  in  their  places  by  screw-bolts  passing  through  the 
niasonrr  beneath  the  foundation  of  the  hearth. 

Treatment    of  Ores   in    the  Scotch    Furnace  .*    Roastint;, — The 
ores  smelted  in  the  Scotch  funiace  were,  to  ^vithin  a  comparatively 
recent  period,  mcr»>ly  ftubjccted  to  a  careful  meehnnical  prenara- 
tion,  previous  to  their  direct  metalJurgic  treatment.     \.\.  WaA'^^yR* 
wer,  of  late  rann  been  found  advantageoua  \«  TOWBt.  XJwswv^  ^<a  ^ 
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to  effect  their  partial  desulphuration  and  oxidatioxi»  before  ¥«A» 
ing   thera  for  the  metal  they  contain.      The  furnace  empluyid 
for  thifl  ptU'poBe  varies  considerahly  in  it«  dimeD&ions  in  Ofte  H 
fluit  the  different  vaneties  of  mineral  operated   on,  but  almfl 
conaii^ts  of  a  long  flat  hearth^  covered  by  a  low  arch,  and  beM 
bj  a  fire-place  situated  at  one  end ;  there  are  also,  in  most  ciM^ 
two  doors^  on  either  side,  for  the  withdrawal   and  working  rf 
the  mineral  treated.     From  nine  to  eleven  hundred   weight  d 
gaieni^  or  other  ore  of  lead  usually  constitutes  the  charge  of  % 
furnace  of  this  descriptjon,  and  requires  ftx^m  two  and  ahftlfto 
three  hours  to  become  sufficiently  roasted.     The  mineral^  wliiek 
is  introduced  into  the  furnace  without  any  kind  of  flur,  u  fink 
spread  evenly  over  the  surface  of  the  sole,  and  the  fire  afterwirdi 
80  arranged  as  to  keep  it  constantly  at  a  temperature  below 
melting  point  of  galena.    By  this  means  copious  tumes  of  sulpht 
acid  are  presently  seen  to  escape  from  its  surface,  and  if  any  pocliM 
should,  from  apprt>achiug  too  nearly  the  point  of  fusion,  Dcco— 
clammy,  a  fresh  smface  is  presented  to  the  action  of  the  air.    Ifl 
this  way  a  large  proportion  of  the  sulphur,  antimony,  &c^  ccMh 
tained  in  the  minend  is  driven  ofl"^  and  the  slime  ores  and  other 
fiiable  substances  are  m  far  agglutinated  as  to  be  enabled  to 
resist  the  force  of  the  blast  without  being  liable  to  be  carried  of 
into  the  flues  in  the  form  of  fine  dust. 

SmeiiiHff. — At  the  termination  of  every  shift,  a  quantity  of  ow 
remains  on  the  hearth  in  a  semi-reduced  state,  called  brotcst^  sai 
is  more  or  less  mixed  with  fragments  of  coke  and  clinkers,  frost 
which  it  is  afterwards  roughly  separated. 

To  commence  a  new  shift,  the  cavity  of  the  furnace  is  filled  O 
with  blocks  of  peat  cut  into  rectangular  blocks :  those  at  the  htJk 
part  of  the  hearth  are  heaped  up  without  any  kind  of  order,  but  thoti 
placed  towards  the  front  are  arranged  in  the  shape  of  a  regular  wiB. 
The  bellows  is  now  set  in  action,  and  mt  ignited  peat  thrown  imme- 
diately before  the  nozzle,  which  quickly  communicates  tbe  com- 
bustion to  the  whole  mass.  On  the  top  of  this  a  few  shoT«dftds  ti 
coal  are  afterwards  sprinkled,  for  the  double  purpose  of  bindiof 
and  conBolidating  the  mass,  and  also  to  increase  the  temperature 
obtained.  The  browse  resulting  from  the  preceding  operation  ia 
then  thrown  on  the  surface  of  the  ignited  massv  ana  shortly  sftier^ 
wards  the  larger  portion  of  the  matters  contained  in  the  intemJ 
basin  of  the  nearth  are,  by  the  aid  of  a  large  rake,  drawn  out  oa 
the  work-stone ;  the  refuse,  or  grey  slag,  which  is  known  by  iti 
shining  appearance,  is  now  removed  with  a  shovel,  and  thrown  Uf 
Ibe  right  of  the  fiimace.  The  browse  thus  cleaned  from  slag  if 
again  thrown  back  into  the  heartb,  with  the  addition,  if  it  iw 
rtMjttired^  of  a  Aitt\e  ^aneVx  ^^^^^  wwsiu  M^  ^  «c»iieiuiMS0  hap- 
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icns,  the  browae  haa  not  been  properly  fn*ud  from  elag,  but  be- 
xymea  paetv  and  evinces  a  tendency  to  fuse,  it  must  be  hardened 
yj  the  addition  of  a  small  quantity  of  qui^k-lime,  whicli,  by  ita 
iffinitv  for  the  siliceous  and  other  mntterB  present,  dries  up  the 
Ktat^nak  in  such  a  way  as  to  facilitate  the  subsequent  extraction 
uf  the  iead.  When,  on  the  contrary,  the  ore  ia  found  too  re* 
Itictory,  a  small  addition  of  lime  \^  made ;  but  in  tbi^  ease  a  less 
luantity  is  employed,  a^s  it  i»  only  intended  as  a  flux  for  the  re- 
i«ctK3ry  matters  present,  and  not,  as  in  the  other  instance^  to  act 
ftlflo  as  a  dryer  of  the  too  fusible  scoria;  obtained.  The  lumps  of 
ilog  which  are  thus  formed  contain  on  an  average  one-tenth  part  of 
;lie  lead  originally  present  in  tlie  ore,  and  are  therefore  collected 
or  the  purpose  of  being  ail:erwardj4  treated  in  a  small  cupola-furnace 
[rolled  a  slag-hearth. 

When  the  whole  of  the  browse  has  been  thrown  back  into  the 
hearth,  a  t^w  shovelfuls  of  roasted  ore  are  sparingly  thrown  on  the 
lop  of  it ;  before  doing  this,  however,  it  is  necessjiry  to  remove  the 
Bcoria*,  and  place  a  lump  of  peat  before  the  tuyere,  which  not  only 
prevents  any  of  the  mineral  from  entering  the  nozzle,  but  liJiewifle, 
irom  its  porosity  and  the  readinewa  with  which  it  is  ignited,  serves 
bo  spread  the  blast  equally  through  the  dilferent  parts  of  the  mass. 
^fter  an  interval  of  about  twenty  minutes  the  contents  of  the  fur- 
^Be  are  again  dra\^  n  out  on  the  w  ork-stoiie,  and  another  portion  of 
HRallic  lead  is  carried  by  the  channel,  /,  into  the  pan,  E.  The 
jrey  slag  is  removed  by  the  use  of  the  rake,  and  aiiotlier  lump  of 
ie»t  ia  placed  before  the  tuyere.  The  browse,  together  with  a 
iroper  quantity  of  coal  and  quicklime,  are  again  thrown  on  the  tire, 
ma  on  the  top  of  the  whole  is  laid  a  fresh  supply  of  raw  or  roasted 
*r©.  These  operations  are  continued  during  twelve  or  fourteen 
boun«.  and  at  the  termination  of  the  shift  a  produce,  varying  with 
the  nature  of  the  ore,  of  from  one  to  two  and  a  halt'  tons  of  metallic 
]£«d,  is  obtained. 

The  lead  prepared  by  this  process  ia  invariably  more  pure  than 

Ibat  produced  in  the  smelting  furnace :  this  arises  from  the  cln'um- 

famce,  that,  being  exposed  to  a  lees  elevated  temperature,  the  more 

le  constituents  of  the  ore  are  alone  obtained,  whilst  in  the 

ting  furnace  the  heat  employed  is  so  great  as  to  effect  the 

ri  of  some  of  the  foreign  metals  contained  in  the  mineral, 

by   entering  into   combination   with    the    liberated  lead^ 

to  impair  its  quality. 

Hemrtii. — The  various  slags  obtamed  from  tbe  different 
of  a  lead-smelting  works  are  divided  into  two  classes, 
icH  contain  so  small  a  proportion  of  metal  that  ita  extrao 
eajmot  be  conducted  with  advantage  are  thrown  a^ac^  \  ^\!ii:^\k 
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to  effi^t  their  partial  dosulphuration  and  oxidatioQ,  befiire  vqfi*» 
ing  them  for  the  metal  thpy  contain.  The  fiimac<e  «?iDploTfd 
for  this  porpose  varies  considerably  in  its  dimensions  in  onii^r  <o 
suit  the  difierent  varieties  of  mineral  operated  on,  but  oltiyf 
consists  of  a  long  flat  hearth,  covered  by  a  low  »rch»  and 
by  a  fire-pliice  situated  at  one  end ;  there  are  also,  in  most 
two  doorfl,  on  either  side,  for  the  withdrawal  and  workmi;  of 
the  mineral  treated.  From  nine  to  eleven  hundred  weight  rf 
galena  or  other  ore  of  lead  usually  constitutes  the  charge  of  t 
mmace  of  this  description,  and  requires  from  two  and  a  half  to 
three  hours  to  become  sufficiently  roasted.  The  mineral^  wbkfc 
is  introduced  into  the  furnace  without  any  kind  of  flux,  ia  fini 
spread  evenly  over  the  surface  of  the  sole,  and  the  fire  ftfterwaidi 
so  arranged  as  to  keep  it  constantly  at  a  temperature  below  Iht 
melting  point  of  galena.  By  this  means  copious  tumes  of  sulpbimMi 
acid  are  presently  seen  to  eat*ape  from  its  surface,  and  if  any  portiai 
should,  from  approaching  too  nearly  the  point  of  fu^on,  oeooiw 
clammy,  a  fresh  surface  is  presented  to  the  action  of  the  air.  Ia 
this  way  a  large  proportion  of  the  sulphur,  antimony,  Ac^  cqOp 
tained  in  the  mineral  is  driven  off,  and  the  slime  orea  and  othsr 
friable  substances  are  so  far  agglutinated  as  to  be  enabled  to 
resist  the  force  of  the  blast  without  being  liable  to  be  dmif^  tM 
into  the  ilyea  in  the  form  of  fine  dust. 

Smeifinff. — At  the  termination  of  every  shift,  a  quantity  of  "« 
femaius  on  the  hearth  in  a  semi-reduced  state,  called  brow«e,  tsi 
u  more  or  less  miied  with  fragments  of  coke  and  clinkers,  bom 
which  it  is  afterwards  roughly  separated. 

To  conunence  a  new  shift,  the  cavity  of  the  furnace  ia  filled  OP 
with  blocks  of  peat  cut  into  rectangular  blocks :  those  at  tlie  bad 
part  of  the  hearth  are  heaped  up  without  any  kind  of  orci '  >•• 

placed  towards  the  Iroiit  are  arranged  in  the  shape  of  a  i  .  .iL 

Tlie  bellows  is  now  »et  in  action,  and  an  ignited  peat  thrown  unn^ 
difltely  before  the  nozzle,  which  quickly  communicates  the  conh 
bustion  to  the  whole  mass.  On  the  top  of  this  a  few  ahov^ttk  d 
coal  are  afterwards  sprinkled,  for  the  double  purpose  of  buid!iB| 
and  consolidating  the  mafis,  and  also  to  increase  the  temperitaff 
obtained.  The  browse  resiUting  from  the  preceding  operatkrn  it 
then  thrown  on  the  surface  of  the  ignited  moaa,  and  abortiy  aftB^ 
wards  the  larger  portion  of  the  matters  contained  in  the  mtcml 
basin  of  the  hexirth  are,  by  the  aid  of  a  large  rake,  drawn  out  00 
the  work-stone ;  the  refuse,  or  grey  slag,  which  is  kiK*-"  **'•  its 
shining  appearance,  is  now  removed  with  a  shovel,  m\  ■   %$ 

the  right  of  the  furnace*     The  browse  thus  cleaTr-f"  :  if 

again  thrown  back  into  the  hearth,  with  the  :i  hf 

KHjuircd,  of  a  Uttlo  finely  powdered  ooaL     If^  an  mmu'uiuti-i  imp 
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browse  has  not  been  properly  freed  from  slag,  but  be- 
jty  and  evinces  a  tendency  to  fu»e»  it  must  be  hardened 
Idition  of  n  sniidl  quantity  of  (juick-lime,  which,  by  ita 
for  the  siliceous  and  other  matters  present,  dries  up  the 
ruJfl  in  such  a  way  as  to  facilitate  the  subsequent  extractioa 
e  lead.  When,  on  the  contrary,  the  ore  is  tbuiid  too  re* 
>ry,  ft  small  addition  of  lime  is  made ;  but  in  this  case  a  less 
at)*  ia  employed^  as  it  is  only  intended  as  a  flui  for  the  re- 
»ry  matters  present,  and  not,  aa  in  the  other  instance,  to  act 
m  a  dryer  of  the  too  fusible  Bcorifle  obtained,  The  lumps  of 
rhicb  are  thus  formed  contain  on  an  average  one-tenth  part  of 
sod  originally  present  in  the  ore,  and  are  therefore  collected 
le  purpose  of  being  afterwarda  treated  in  a  small  cupola-furoaca 

hen  the  whole  of  the  browBe  has  been  thrown  back  into  the 
h,  a  few  shovelfuls  of  roasted  ore  are  sparini^fly  thniwu  on  the 
fit :  before  doing  this,  however,  it  is  necessary  to  retiiove  the 
&  and  place  a  lump  of  peat  before  the  tuyere,  which  not  only 
fits  any  of  the  mineral  from  entering  the  nozsilop  but  likewise, 
it«  porosity  and  the  readiness  with  which  it  is  ignited,  serves 
Mad  the  blast  equally  through  the  different  parts  of  the  mass, 
Bh3  inter^'al  of  about  twenty  minutes  the  contents  of  the  fur- 
fre  again  drawn  out  on  the  work-stoue,  and  another  portion  of 
llic  lead  is  carried  by  the  channel,  /,  into  the  pan,  E.  The 
slag  is  removed  by  the  use  of  the  rake,  £ind  another  lump  of 
18  placed  before  the  tuyei-e.  The  browse,  together  with  a 
fT  quantity  of  coal  and  quicklime,  are  again  thrown  on  the  tire, 
m  the  top  of  the  whole  is  laid  a  fresh  suppl>'  of  raw  or  roasted 

hese  operations  are  continued  during  twelve  or  fourteen 

md  at  the  termination  of  the  shift  a  produce,  varying  with 
of  the  ore,  of  from  one  to  two  and  a  half  tons  of  toetollic 

obtained. 

lead  prepared  by  this  process  ia  invariably  more  pure  than 
luced  in  the  smelting  furnace :  this  arises  from  the  circum- 
e,  that,  being  exposed  to  a  leas  elevated  temperature,  the  more 
le  constituents  of  the  ore  are  alone  obtained,  whilst  in  the 
:ing  furnace  the  heat  employed  is  so  great  aa  to  effect  the 
'  m  of  some  of  the  foreign  metals  contained  in  the  minend, 

by  entering  into  combination   with    the   liberated  lead, 

impair  its  quahty. 

He«rth.— The  various  fllAgs  obtained  from  the  different 

ma  of  a  lead-smelting  works  are  divided  into  two  dai^aca, 

hich  contain  so  small  a  proportion  of  metal  tliat  ita  extrac- 

>t  be  conducted  with  advantage  are  thrown  away ;  whilat 


tn 
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those  in  wliich  the  amount  of  leftd  is  safficientlv 
treated  in  the  »lag  hearth. 

This  consists  of  a  bla^t  {Mm^Q^—foum$mi  a 
form  of  a  rectangular  prism,  about  twentv-sii  incticn  in 
twenty-two  in  breadth,  and  thirty -three  in  laei^rht.  The 
ooinposcd  of  n  on^t  irmi  plate  two  inches  in  thickness,  wtiicb  ta 
with  a  ftli^ht  incliimtion  irom  the  side  of  the  tuTero  towsnis  ti» 
front  of  tire  furnace.  On  each  side  of  the  bottom  pkte  mv  plicni 
coat  Iron  bearen*,  sfmilnr  to  those  of  the  ore-heiirtH  Mmih 
described;  and  on  these  is  supported  the  fore  hearth*  wl^ 
BiBts  of  two  stout  plates  of  cast  iron  of  about  twelve  n 
breatith  and  twenty-six  in  length,  A  space  of  about  ^s^  intli'.j 
is  thus  left  between  these  front  atones  and  the  bottom  'if 
the  furnace,  and  an  additional  height  of  two  and  a  half  inckn 
is  grained  by  placing  between  them  a  row  of  fire-bricks  lizd  on 
their  flat. 

The  slags  which  escape  from  this  furnace  thpough  tbe  ouen'mi' 
at  the  breast  pass  over  the  surface  of  a  pot  of  peculiar  cons- 
and  then  How  into  a  large  iron  cistern  sunk  into  the  en.:  . ,  — 
through  which  a  current  of  cold  water  is  cooBtautly  made  to  flow. 
This  causes  the  liquid  slags  to  fly  in  pieces,  and  tovw  adj^t^  thett 
for  the  operation  of  washing,  to  which  they  are  subeequently  »u^ 
jected. 

Before  working  a  furnace  of  this  description,  it«  bottom  is  fiHei 
to  the  height  of  about  fifteen  inches,  with  small  sp  '  - 

pretty  closely  In^aten  together,  and  wldch  reach  to  m  i 
nve  inches  of  the  orifice  of  the  tuyere.     The  pot  for  the   r 
of  the  lea<i  is  likewise  tilled  with  these  cinders,  which  an 
caaes  intended  to  act  the  part  of  a  filter  in  the  separation  t»:  liw 
metallic  lead  from  the  less  fusible  contents  of  the  hearth.     On  t^ 
filter  of  cinders  thus  jirepared  are  piled  masses  of  peat,  eimilar  \a 
those  used  in  the  Scotch  tumace :  one  of  these  is  ignited  and  thrown 
before  the  tuyere,  and  the  blast  iramcdiately  turned  on. 

AVlion  the  peat  has  become  fairly  ignited,  some  good  htfd 
coke  is  thrown  in,  and,  as  soon  a^  it  appears  properly  ujfiamed,  a 
atratnm  of  grey  slag,  or  any  other  product  to  be  treatM,  ii 
introduced.  The  heiirth  is  from  this  time  supplied  witli  altcmat* 
strata  of  fuel  and  slag,  as  explained  imder  the  article  Iron  when 
describing  the  reduction  of  iron  ores.  In  this  process  metallie 
lead  and  a  perfectly  fluid  slag  are  obtained;  but  the  former  « 
entirely  separated  from  the  latter  by  perookting  through  the  wbjr 
filter,  whilst  the  slag,  from  its  viscidity,  can  only  flow  over  its  6U^ 
face.  When  the  slag  has  become  sufficiently  melted,  which  hap- 
pens  8\iort\y  after  tUe  fximiMse  haa  been  first  set  in  action,  the  wucv 
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h  a  bent  iron  barmakps  n  hole  of  about  an  inch  in  diamcteT 
tbrouj^h  the  la3'er  of  cinder :  thia  causes  the  liquid  yilicates 
to  flow  out  of  the  furnace  in  a  red-hot  stream,  which,  after  paesing 
orer  the  surtaee  of  the  pot  for  the  reception  of  the  lead,  falla  into 
the  large  cistern  of  water.  The  lead  obtained  from  the  slsig  hearth 
is,  from  the  high  te-mpt^mture  at  which  it  is  reduced,  alwuvs  inferior 
ill  quality  to  that  procured  directly  i'rom  the  ore,  and  this  procesa, 
therelore,  19  never  applied  to  the  treatment  of  products  which 
idmit  of  being  economically  worked  by  either  of  the  furnaces  before 
described. 

In  addition  to  being  employed  for  the  reduction  of  slags  and 
other  lead  products  aflbrding  but  a  small  per-centage  of  that  metaJ, 
$his  ap])iiratus  is  sometimes  applied  to  the  ainelting  of  some  of  the 

Rtpgii  oarboaatea  of  lead,  in  the  elaboration  of  which  the  object 
Pght  is  nithcr  the  extraction  of  the  silver  which  they  contain  than 
e  reduction  of  the  largest  po8!*ible  amount  of  lead- 
Frtjui  the  fiicility  with  which  lead  becomes  sublimed  at  high 
teinperatures,  large  quantities  are  in  all  sinelting  estiibhshn tenia 
atojually  carried  off  in  the  form  of  fume. 

i^Bffhiif  not  only  causes  considerabh;  loss  to  the  smelter,  but  is  like- 
■Hk  extremely  pi-ejudicial  to  the  vegetation  and  cattle  in  the  neigh- 
bourbood  of  the  works,  and  for  tliis  reawon  every  precaution  ia 
taken  to  prevent  its  dispersion  in  the  atmosphere.  A\  ith  this  ^iew* 
the  fluen  connected  with  the  various  iurnaces  are  connnouly  made 
to  communicate  with  large  elianibers,  in  which  the  sublimed  lend 
is  condensed  by  a  shoiiver  of  cold  water  falling  trom  the  roof.  A¥ith 
the  same  view,  the  whole  of  the  ga^^ea  passing  through  the  flues 
have  aoiiietimes  been  drawn  through  a  stratum  of  cold  wat*^r ;  but 
■11  these  contrivances,  from  the  amount  of  mechanical  power 
required  to  vvi»rk  theiru  are  costly  in  their  operation,  and  t'nr  tliig 
n*uj*on  long  flues,  in  connection  with  prtiperly  constructed  con- 
densing chambers  and  a  high  chimney,  are  more  genendly  preferrt^d. 
Tlie  condensed  fnmes  obtained  from  the  flues  are  best  treated 
being  tii*st  roasled  with  a  mixture  of  raw  ore,  and  aflerwar 
'  in  the  Scotch  furnace. 

OEBMAK  M£TUOD  OF  LlLlD-BMTLTlKa. 

In  feome  parts  of  Euro])e,  and  particularly  where  the  ores  have 
I  low  produce  in  lend,  and  are  at  the  same  time  associated  with  a 
siliceous  gangue,  the  Uietid  is  reduced  by  the  action  of  metallic 
in  the  way  de»eril*cd  when  treating  of  lead  assaying. 
mineralH  of  tins  class  were  subjected  to  similar  proceasea  to 
employed  in  this  country  for  moderately  rich  ijah^nas,  a  large 
itity  of  lead  would  be  lost  iji  tlie  form  of  oxide,  which^  li\&t«,^<L 
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of  reacting^  on  the  imdecomposed  aulphuret,  would  i  ^ik 

the  silica  prcsent  to  form  a  vitreous  slag  extrenid  4 

reduction.    The  niethod  of  rpdiicing  the  sulphuret  of  1  tM 

of  mctalliL-  iron  is  extenaively  practised  in  many  partes  •  i.-o, 

particularly  at  Claitsthal. 

The  ore  treated  cotisista  of  a  mixture  of  crutihed  galena  md 
echlich,  to  which  arc  added  Yarious  secondaiy  produeU  obtainadat 
different  stages  of  the  process. 

The  mijtttire  treated  in  the  furnaces  of  Clausthal  conaifits  of  SI 
quintalii  (cwts.)  of  ground  ore  and  schlich^  eqiiivalent  to  24  quo* 
tals  of  pure  guleua. 

4  to  5  quiutalii  of  cupel  bottoms  strongly  impregnated  with 
litharge. 

1  quintal  of  abstrich  or  first  oxide  formed  on  the  Burhce  of  lb 
cupel, 

:i9  quintaL^  of  slags,  derived  either  from  the  fin»t  fu*iafi  of  tW 
minenil  t  related,  or  from  the  remelting  of  the  matt«.  Them*  aUgi 
are  added  for  the  purpose  of  effecting  the  fuaion  of  the  gaugue. 

4^  quiiitahs  of  granulated  cast  iron.' 

The  fusion  of  this  mixture  is  conducted  in  a  ^t 
of  from  twenty  to  tweoty-five  feet  in  hei»,'ht,  arni 
in  diameter  in  the  widest  part.     The  crucible  placed  ;  >bi 

of  the  hearth  is  no  arranged  m  to  extend  beyond  tht  the 

furnace  into  fl  snnill  raised  platfonn  sitimlrd  imii  it 

The  lining  of  the  hearth  consist;^  of  a  kind  of  reli ,    ■ .luOl* 

and  the  bottom,  which  is  shghtly  hnllowed,  is  covered  fur  a  ooofi* 
derable  thickness  with  a  mLxture  of  powdered  r.hoR'roal  an<^  .-.f-*,^ 
tor}'  elay^  in  such  a  way  as  to  afford  a  gentle  slope  from  tl 
the  tuyere  to  bcycjnd  the  front  wall  of  the  furnace.  A  iii|^p^»nit- 
hole  enters  at  the  lowewt  part  of  this  ba«in,  and  Hflonls  a  mrausc^ 
drawing  oft'  its  contents  when  accumulated  in  suifieieut  quuititT. 

This  recei\dug  basin,  tf,  tig.  201,  is  pla^-ed  on  n  Inrd  witk 
the  door  and   at  some  distance  from  the  1  "    "      '    :  v«, 

which  is  supplied  with  a  current  of  air  forc*^  i  .-fit 

situated  at  t,  fig.  202,  in  the  opposite  face  oi  it  - 
In  charging  the  mineral,  care  is  taken  to  ciir»'rt  i; 
of  the  tuyere,  whilst  the  combnatible  is  clii*^^ 
breast.     The  cold  air  eonstautly  entering 
cools  the  slag  prodticed  in  their  immcdui 
aniund  the  nozxles  circular  channels  of  six  or 
on  the  proper  management  of  which  in  n 

success  of  the  o])eratiun.    One  of  the  pn    ^  ^      j 

these  channeU  la  to  prevent  the  oxidation  of  the  oret,  ■»  tlH^ 
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BiiiB  brought  into  immediate  coDtsct  with  the  fuel 
bmag  to  pAsa  throogh  the  minenl  chaived  at  tilt 


,    ^ 
V^ 

>:-^'^^ 


201. 


2QS. 


mnot,  therefore,  so  readily  give  rise  to 
tnd  the  coQie«|ueiit  loas  lu  the  forui  of 


this  iriew  the  smelter  bestowB  the  gretite^t  ittentioii  to  tho 

?gu]ation  of  the  length  of  the  nlag  uoxiIi^h,  na  by  it  th<» 
working  of  the  furnace  is  mosst  materially  iirtW*ted,  It 
mnd  necessar)')  by  a  proper  regulation  of  the  supply  of  air 
to  80  arrange  the  temperature  that  the  upper  extremity 
may  not  become  too  strongly  heated,  aa  in  this  ea<i 
iea  of  galena  aredi-iven  off  before  arriving  in  that  part 
in  which  their  decomposition  is  efl'eeted.  With  all 
tiona,  there  ig,  however,  a  constant  1oh«  from  Hiiblima* 
therefore  the  whole  of  the  gnses  pa^ising  from  the  tunnel- 
made  to  pa3s  throufifh  a  *»enca  of  chambere,  c  c,  bofortJ 
into  the  atmosphere  by  the  chimney,  d. 
chambers  Lirge  qnautitiea  of  fume  grndually  accumu- 
ifl  occasionally  removed  through  the  doovw,  dy  K^\  \Jwfc 
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purpose  of  being  mixed  with  other  lead  producU>  imd  ogsin  treoirj 
m  the  fiiruace. 

PmiDg  the  whole  time  this  arranfjement  is  in  lurtioti  the  fcorir 
flow  contiimously  int-o  the  fore-hearth,  where^  lie'iu^  snli-ltfirH  ti 
are  seized  by  a  labourer  with  a  8tout  iron  hook,  niid   I 
the  iuclined  plane,  p^  to  the  foiindr}*  floor.     When 
baain,  b,  had  become  lilled  with  metallic  produets,  the  pluj: 
removed  from  the  tapping-hole  communicating  with  the  rej«*?r>uif, 
Oy  into  which  the  ftised  metal  is  rapidly  drawn  off. 

The  produets  thn»  ran  off  into  the  outer  basin  rf^'^TIIv  ill 
into  two  parts ;  the  lower  portion  ia  metallic  leW,  whi 
consists   of  sulphuret  of  lead  more  or  less  mixed  v*,i„  ki.- 
phurets  of  the  other  metals  ori;y^nally  present  in  the  ore,  and 
ticularly  with  sulphuret  of  iron  resulting  fromUn  ^  -      "^^it* 
galena  by  that  metal.     This  substance,  which  n 
called  the /r^/ ^efl</ ma ^/,  and  is  removed  from  t 
bath  by  an  iron  hook,  and  stowed  in  a  proper  hit 
quent  treatiuent.     The  lead  is  aflerwarda  laded  int^i  n 
it  asaunies  the  form  of  massive  lenticular  inf,'ot8.     Th< 
are  now  removed  and  throwTi  awar.  wliibt  those  which  have 
witlidra\\Ti  from  the  surface  of  the  external  basin,  ami  cui 
nmnerouB  granules  of  metallic  lead,  are  added  as  a  flux  in  oft 
operation.     When  a  sufficient  quantity  of  rich  slog  is  nut 
pRicured,  Home  of  the  poorer  scoriie  are  likewise  used  for  thii» 
pose;  but  this  never  takes  place,  except  when  a  prtjper  siii-p 
the  richer  variety  is  not  to  ne  procured.     The  prudu 
from  a  mixture  liaving  the  weight  and  compoattian  '  .  ^ 

consist  of  nineteen  quintals  of  metallic  lead  and  ei^ht  <ium(^8 
first  matt,  containing;  from  30  to  85  per  cent,  of  lead, 

■\Vlien  a  suflicient  quantity  of  these  first  matts  have  aocumulatfld 
in  the  establishment,  they  are  roasted  in  heap»,  laid  on  n  «trattiin 
of  fuel,  and  by  this  means  large  quantities  of  *iulphiir  and  »uiphih 
pous  acid  are  disengaged. 

This  first  roasting  occuniea  from  three  to  four  week*,  lit  Umj  i 
ration  of  which  time  the  neap  i»  carefully  pi<'ked  over  and  the 
ducta  divided  into  two  clasises;  tho^  nortiona  which  have 
sufficiently  roasted  are  ap^ain  taken  to  the  furnace  aii ' 
whiUt  those  fragments  which  stUl  retain  a  <xinBidenihi 
sulphur  are  subjected  to  a  second  proce-- 
four  aucceasive  roaatings  are  necessary  >■ 
iaed  in  a  fit  state  for  m< 


1  m 


sufficiently  njasted,  t : 

mixed  in  the  folio wmg  pruporticiiu  viih 


n  niuaibM 


being 
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S2  quintals  of  roasted  matt. 
30       , 


4to5 
2 


of  rich  slags  obtained  from  the  direct  treatment  of 

the  ore. 
of  cupel  bottoms, 

of  abstrich  or  first  oiddes  obtained  from  the  cupel. 
2S        „       of  slags  fnim  the  rediiciug  furnace, 
1        „        of  granulated  cast  iron, 

e  furnace  in  which  tliis  mixture  is  now  introduced  ia  about 
feet  ill  height  and  considerably  contracted  iu  the  vicinity  of 
crucible,  which,  as  in  the  case  of  the  larger  upparufcas,  is  pro- 
id  with  a  sloping  fore-hearth  and  a  distinct  tapping-baaiu  for 
reception  of  the  metallic  matters  produced* 
le  combustible  employed  is  coke,  and  the  blast,  which  is  sup- 
'  by  a  single  tuyere,  is  conducted  into  the  furnace  through  a 
nozzle  of  about  three  inches  in  length.  DuFing  the  process 
of  roawting,  the  larger  proportion  of  tlie  stilphuret  of  iron  passes  t6 
^^^  state  of  oxide,  and  during  the  subsequent  fusion  this  oxide, 
h  is  partially  reduced  by  the  carbon  of  the  fuel,  becomes 
side,  and  unites  with  the  siliceous  matters  present  to  form 
treous  and  extremely  fusible  slag,  which  flows  through  the 
ire  of  the  fore-hearth,  aud  is  contiouaUy  removed.  The  suJ- 
phurct  of  lead  is  at  the  same  time  reduced  through  the  agency  of 
the  metallic  iron,  and  a  new  matt,  analogous  in  its  composition  to 
the  first,  is  obtained. 

These  mat  la,  when  suffieiently  solidified  by  cooling,  are  removed 
in  the  way  already  described,  alter  which  the  lead  is  taken  out  in 
large  iron  ladles  and  onst  into  circular  pigs. 

The  treatnu^Dt  of  thirty-Wo  ijuintals  of  roasted  matt,  with  iti 
auociated  fluxes  aud  otner  products,  affords  twelve  quintals  of 
metallic  lead  and  eight  quintais  of  second  matt. 

The  second  matts  are  subjected  to  a  similar  treatment  to  that 
employed  for  the  reduction  of  those  obtained  by  tlie  direct  treat- 
ment of  the  ores.  They  are  first  made  to  undergo  three  or  four 
ssive  roastings,  and  subsequently  treated  in  tlie  same  furnace 
with  tlie  same  additions  as  are  employed  in  the  case  of  the 
matts.  In  this  way  a  further  amount  of  metallic  lead  and  a 
thirti  matt  is  obtained ;  this  is  again  roasted,  fused  with  a  proper 
tion  of  fluxes  aud  other  matters,  and  metallic  lead  and  ^fourth 
i  is  the  result.  The  copper,  of  which  a  small  quantity  only  is 
taiiied  in  the  original  ore,  hanng  a  greater  aflinity  for  sulphur 
than  is  possessed  by  lead,  continually  accumulates  iu  the  nmtts, 
which,  nfier  the  fourth  roasting  and  fusion,  become  extremely  rich 
in  thiit  metal.     The  sulphuret  last  obtained  is  kno^^n  by  the  nam© 

r  matt^  and  is  subt^cqucntly  treated  for  that  metal. 

lead  obtained  by  these  difi'ereut  ^rocei^iie^i  ^^\:iti  ii«\iiJMa2A  % 
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^y>ificient  amount  of  silver  to  render  its  extraction  &  matter  of  eon- 
**^erable  commercial  importance^  and  it  is  then  subjected  to  direct 
^Upelktion  in  a  furnace,  of  which  fig.  20S  represents  a  back  view, 
'^d  fi^.  204  a  horizontal  section.     This  apparatus  consists  of  a 
^ind  of  reverberator)'  oven,  having  a  circular  hearth,  a,  and  a  lateral 
'*l^e-place,  B.     The  sole,  which  is  regularly  hollowed  from  the  aides 
Awards  the  middle,  is  composed  of  fire-bricks  closely  set  on  edge 
^pon  a  (»olid  stratum  of  firmly  compreaeed  scoriae,  and  again  covered 
With  a  thick  coating  of  marl  carefully  beaten  down  by  iron  ram- 
mers :  this  b  always  relaid  previous  to  the  commencement  of  a  fresh 
Operation.     This  layer  of  marl  corresponds  to  the  teat  employed  by 
HngUsh  refiners,  and  is  covered  by  a  dome  of  sheet-iron,  riVetteS 
togetherr,  and  capable  of  being  either  removed  or  lifted  into  its 
place  by  means  of  a  number  of  chains  attached  to  a  lever  supported 
by  the  tnoreable  crane,  c.    The  interior  of  the  dome  is  covered  with 
^  coaiting  of  fire-clay,  to  sustain  which,  and  prevent  it«  peeling  oflT 
by  tlie  action  of  the  heat  to  which  it  is  subjected,  its  inner  sur^ce 
ia  furnished  ^ith  numeroiw  small  iron  liooks.     In  the  sides  of  this 
fbrnace  are  five  openings;  by  the  largest  of  these,  </,  the  flame 
'^oeses  from  the  fire-place  into  the  interior  of  the  hearth  ;  the  two 
openings,  t  t\  serve  ibr  the  introduction  of  the  tujeren,  by  which  a 
current  of  air  is  thrown  on  the  fused  metal,  both  for  the  purpose 
of  aasisting  in  its  oxidation,  and  forcing,  at  the  same  tiaie,  the 
litharge  formed  on  its  surface  towards  the  aperture,  E,  from  which 
it  escapes  in  the  fused  state ;  finally,  the  opening,  p,  through  which 
is  inserted  the  lead  to  be  operated  on  in  the  form  of  circular  discs. 
At  the  cooimeticemeiit  of  the  operation  the  opening,  e,  is  entirely 
closed  by  the  marl  of  the  cupel ;  but  in  pnjportion  as  the  operation 
advances,  the  gateway  is  successively  cut  down  by  a  pointed  iron 
har  to  the  level  of  tKe  litharge  contained  in  the  furnace.     The 
litharge  which  escapes  from  thiit  opening  flows  down  to  the  floor  of 
the  building,  where  it  is  allowed  to  accumulate. 

Before  commencing  a  cupellation  it  is  neceasjiry  to  arrange  the 
cupel,  and  for  this  purpose,  alter  having  removed  the  iron  dome, 
the  old  cupel  bottom,  strongly  impregnated  with  litharge,  is  broken 
up  and  carried  away  to  be  treated  for  the  lead  it  is  capable  of 
affording.  The  brick  bottom  is  now  moistened  with  water  and 
covered  by  a  thick  layer  of  marl,  well  consolidated  by  the  use  of  a 
heavy  iron  rammer;  the  covering  is  afterwards  replaced,  and  firmly 
luted  in  all  \t^  joints  witli  a  little  stifl*  fire-clay.  When  this  has 
been  done,  the  furnace  is  charged  with  ItiO  quintals  of  lead,  and 
the  fire  immediatelv  lighted.  The  lead  soon  begius  to  melt,  and 
iniiTiediately  that  tlie  whole  of  it  has  hecoiiie  fused  the  bellows  are 
-'  L  hI.wIv  in  action,  and  rapid  oxidation  begins  to  take  place.  The 
ijjr(;iJJ/e  hath  at  first  becomes  covered  by  a  \)W:V\a\i  T^\iWeT>3\«ftiw_ 
''^'itaace  ooasiBting  of  a  mixture  of  Oiid©  o{\qsw)l  wi.'iL  Wife  Ni       ~ 
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forci;;^  bodies  preBcnt.     These  matters,  fix)m  tlie  low  t<*mi 
nt  which  the  operation  is  touducted,  do  not  become  luseil, 
workmtUL,  after  tlirowiog  on  the  surtact*  of  the  bath  a  few  t\ 
of  charcoal  dust,  proceeds  to  the  removal  of  the  abttrick,  bri 
of  a  block  of  wood  plac^ed  transversely  at  the  extremity  of  a 
iron  rod,  and  by  whieh  he  gentl?  draws  it  through  the  lilh&rin- 
and  tiLit  of  the  fnrnace.     At  tie  expiration  of  a  tthort  f 
fusible  litharge  begins  to  make  its  appearance ',  but  that  . 
produeed  13  extremely  impure,  and  therefore  not  mixed  iftid:  '   • 
obtained  at  a  later  period  of  the  operation.     At  length  a  ijaf»^ 
ojdde,  commercial  iitkarge^  begins  to  be  formed,  and  the  blast  ii  it 
this  point  progressively  inereased  for  the  purj)oae  of  augmsill 
the  rapidity  of  oxidation.     The  nozxles  of  the  tuyerce  vnj 
air  to  the  cupel  are  frequently   covered  by  enjnll  valv( 
butterjlies,  whieli,  troxn  their  weight,  serve  to  spread  the 
the  whole  surface  of  tlie  metallic  bath.     The  operation  ia 
tinned  until  the  whole  of  the  lead  has  been  removed  in  the  fc 
litharge,  and  a  plate  of  nearly  pure  silver  remaiiiB  at  the 
the  cupel. 

Immediately  after  the  brightening  has  taken  place,  tl 
man  thrown  water  over  the  surfuee  of  the  metallic  rewi* 
tliirt  purpose  hot  water  is  at  first  employed,  but  when  the  pi 
sQver  begins  to  bo  solidified,  cold  water  is  used.  The  ra 
metal,  which  m  not  yet  absolutely  pure»  but  contains  abool  l* 
of  lead,  ia  now  removed  ti'om  the  funi ace,  for  the  purpose  of  ' 
refined  by  a  process  which  will  be  described  when  treating  of  1 

Tbe  time  neceaaary  to  make  a  cupellation  of  the 
lead  above  stated,  including  the  preparation  of  tlie  fuel,  is  gtmitlf 
about  SO  hours.  Wood  ia  the  eombu»tible  employed  for  Itcsttaf 
this  furnace. 

At  Cluusthal,  the  cupellation  of  160  quintals  of  lead,  obtaijw^ 
from  the  first  fusion  of  the  ore,  usually  )ieldi*  tS  mark««  of  »3Tft. 
mid  that  obtained  from  the  roasted  matt**,  i^hich  im  Mioitfiiist 
richer,  affords  on  an  average  62  marks  of  that  metal.'  Th<<  feul 
portions  of  hthai-ge  which  are  obtained.  • 
of  silver,  and  for  this  reason  are  not  m 
during  the  former  stages  of  the  openitiuu.      iiic   lithiWgc   pu^ 

tdueed,  with  the  exception  of  MinaU  (piantities,  which  are 
sold  for  various  purpo«e»,  ia  again  reduced  to  th 
This  reduction  is  etl'ected  in  a  small  blast-ftimncr 
basin  hi  to  which   the  inetallic  lead  is  t 
duced  during  the  operation  are  rulded  to  r 
they  iu>' aflcrwards  treated-     The  metallic  I 
WH|tieT)tly  cast  into  rectaiigular  ingots,  in  HI  hi--, 
pm  article  of  oommcTxic, 
h : . i _^« 
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rtiiod  of  Poni»iUAuii.— The  treatment  of  lead  ores  at  Pont- 
^baud,  in  tbe  \icinity  of  Clermont  (Pay  de  Di^me),  id  peculiar 
^  thia  establiahinent,  and  has  been  adopted  in  consequetu'e  of  the 
sxceptional  eonipomtion  of  the  ores  operated  on,  and  the  high 
mce  of  fuel  in  the  diatrict.  The  mineral,  when  brought  to  the 
nirfai!e,  is  generally  poor  for  lead,  but  contains  a  considerable 
mount  of  silver,  and  is  consequently  subjected  to  a  careful 
nechanical  preparation.  Tliis  concentration  of  the  ore  cannot, 
tiowever,  be  carried  beyond  a  certain  limit,  aa  the  lightor  substances 
fchrown  away  as  sterile  are  invariably  found  to  contain  a  consider- 
ible  quanti^"  of  silver,  and  the  washir»g  is  therefore  only  carried 
far  as  to  allow  of  the  ores  being  succeBsfuUy  subjected  to 
metaliurgic  treatment. 

The  largest  proportion  of  tho  ore  reaches  the  foundry  in  the 
form    of  foiely  divided   sand  or  selilich,  which,  from  the  large 

cunt  of  siliceous  matt^TH  which  it  contains,  d^H**  not  admit  of 
being  smelted  in  the  ordinary  reverberator>'  furnace,  and  which,  on 
the  other  hand,  is,  from  its  tine  state  of  division,  uiiHt  for  imme- 
diate treatment  in  the  low  blast  furnace  of  the  Hartz, 

Before  being  treated  for  metallic  lead,  the  ores  are  roasted  in  a 
reverberatory  fturnace,  having  an  extremely  long  hearth,  and  of 
hieh  two  are  arranged  one  above  the  other.  On  the  first  of 
tbeae  the  niineral  is  roasted,  whilst  on  that  placed  nearest  the  fire- 
bridge they  are  agglomerated  into  masses,  suitable  for  subsequent 
treatment  in  the  ordinary  low  continental  furnace.  This  second 
fuAion  for  metallic  lead  is  conducted  as  in  the  llartss,  with  the 
addition  of  metallic  iron,  and  various  other  liiLses.  The  following 
mixture  is  that  with  which  the  fumace  is  ordinarily  charged : — 

Boasted  ore 1,000  kila.^ 

Fluoride  of  calcium 100  „ 

Carbonate  of  lime 240  „ 

Old  iron  (in  small  fragments)    , 100  „ 

Cttpel  bottoms,  abstrich  sweepings  firom  fiir- 

^^       naces,  Ac.   . ^  „ 

^H  Itieh  slags  from  furnace  operations    .     .     .  500  to  600  „ 

^Hrbia  is  thrown  into  the  furnace  alternately  with  suitable 
Bwitities  of  hard  coke.  UTien  in  a  good  working  state,  each 
mmaee  is  capable  of  running  down  three  times  the  above  amount 
in  the  course  of  24  hours,  and  when  the  preliininar)'  roaeting 
has  been  carefully  perfonned,  no  matt  is  obtained,  but  merely 
naetallic  lead,  together  with  a  fusible  and  extremely  Hquid  i«lag. 
The  cupellation  of  the  rich  lead  is  performed  in  the  ordinary 
German  refinery,  the  bottom  of  which  i»  d  feet  in  diameter,  and 

^  KSognmme  =  2'205  lb«.  v* i>ud\i^cf\t. 
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covered  by  a  bottoiTi  composed  of  1,400  kila.  of  cnlcurPOQi 
280  kil8.  of  slaked  lime,  aud  the  same  quantity  of  wrll  mixed  < 
As   in  the  various   Gorman  establiahments,  the   pUto   af 
obtained  ia  afterwards  subjected  to  a  second  treatment,  by 
the  last  tracca  of  combined  lead  are  remored. 


LEAD  MAjruPAcnms. 

This  metal   is  chiefly   employed  in  the  art«,   either    in  lit 
form  of  sheets  for  covering  houses,  making  giitteni«  Jtr.  tat 
the  nmniii'iictiLre  of  pipes  for  the  eonvevance  of  wat^^r  aiid  < 
Hquida.     In  order  to  make  lead  into  eheets,  it  is  firbt  moi 
in  a  cast  iron  frame  into  the  form  of  a  plate,  from  fit  tg 
feet  square,  and  six  inches  in  thickness.     W'hi*n  th-^   *•*•- 
cienily  cooled,  it  is  lifted  from  its  pioiild  by  a  p<j^ 
and  placed  on  the  muchine  by  which  it  ia  to  be  mliiu  "u 
eheet».    This  consists  of  a  long  frame  or  bench,  fig.  2<i5,  xiirt* 


206. 

Jt  in  height,  eight  feet  in  width,  and  from 
in  length.     At  intervals  of  evcrv  foot  are  | 
«&c.  all  on  exactly  the  ajjine  level,  and  so  in 
body  may  he  pushed  from  one  end  .»f  t1,..  fi 
the  ^reiit4'Mt  facility.     In  the  cent  i 
machine,  consistinj*  of  two  hcav^*  r 
one,  A,  ia  »eim  m  t\\e  "wtioOLiivVi,  W. 
arc  nmdr'  *r.  .«-  ^- - ;-  - *—  :\ 
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iocbes  in  diameter,  and  is  turned  perfectly  smooth  and 
on  the  Burlace,  By  means  of  tlie  screws  b,  and  the  connected 
wheels,  the  distance  between  these  may  be  regulated  with 
test  accuracy  on  turning  the  disc  r,  which  for  thia  purpose 
iahed  with  a  graduated  plate  and  point4?r. 
e  motion  of  the  rollers  ali'o  admits  of  being  readOy  reversed 
very  simple  mechanieal  arrangement.  The  plate  of  lead  thus 
area  is  atlerwards  brought  between  the  rollers,  by  which  it  is 
otroDgly  compressed,  and  gradually  drawn  through  to  the  other 
•ide,  when  the  distance  between  them  is  diminished,  and  by 
reversing  the  motion  of  the  mill,  the  sheet  is  again  drai^Ti  back  to 
part  of  the  platform  on  which  the  original  plate  was  first  laid, 
process  is  repeated  a  great  numb*^r  of  tiraes^  the  plato  b,  first 
ing  from  the  left  to  the  right,  aud  then  from  right  to  left, 
until  its  thickness  has  been  very  considerably  reduced.  The 
motion  of  the  leaden  plato  is  mucli  facihtated  by  the  small 
wooden  rollers,  a  o,  and  when  the  length  obtained  by  the  reduction 
of  its  thickness  becomes  inconveniently  great,  it  ia  divided  into 
two  parts,  and  each  half  milled  tn  a  similar  manner. 

The  lead  is  in  this  way  sometimes  passed  between  the  rollers 
from  two  to  three  hundred  times ;  its  thickness  being  diminished, 
and  its  length  increased,  by  each  successive  operation.  The 
original  plate  is  by  this  treatment  generally  extended  into  a  sheet, 
which,  wnen  intended  for  roofing  purposes,  is  about  400  feet  in 
length,  ttnd  7  feet  in  breadth.  This  is  afterwards  cut  up  into  con- 
.renient  lengths,  and  rolled  up  for  the  use  of  the  plumber,  whose 
business  it  is  to  adapt  it  to  the  various  purposes  to  which  sheet 
lead  is  applied. 

The  manufacture  of  lead  pipe  by  the  ordinary  method,  com- 
bines, like  that  of  sheet  lead,  the  double  process  of  easting  and 
elongation.  Whatever  may  be  the  dimensions  of  the  pipe  required, 
it  is  first  cast  in  the  form  of  a  short  and  extremely  tliick  cylinderj 
which  ia  afterwards  reduced  to  the  pmpcr  size  by  being  forcibly 
drawn,  when  placed  in  a  mandril  of  the  exact  size  of  its  proposed 
int4?rnal  diameter,  through  a  succession  of  progressively  decreasing 
steel  dies.  By  tliis  process,  however,  altliough  aifording  pipes  of 
rery  good  quality  with  rei^ard  to  soundness  and  finish,  lengths  of 
from  20  to  W  feet  only  can  be  obtained,  and,  consequently,  when 
Terr  long  pieces  without  a  joint  an?  required,  recourse  must  be 
had  to  the  hydraulic  pipe-press,  fig,  206.  This  machine  consists 
of  a  common  hydraulic  press,  T,  connected  with  a  double  force 
pump,  A,  by  which  water  is  pumped  beneath  the  piston  B,  through 
the  small  metallic  pipe,  p ;  above  the  top  of  the  press,  and  on  n 

Kwith  tho  floor  of  the  workshop,  is  supported  by  the  stout 
pillars,  p,  <i  hettryjcasting,  contaming  thecyUudrical  reaervtiU^ 
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a  strong  key.    The  prcawirg  is  mm  eMti^AcA  h  ng 

water  tbrougb  the  rwlxe  r^  benettli  tbe  piston,  v  « C9 

the  other  citTeuiit j  b',  atxmratelj  fitting  tlie  cylindrical  cavity  O, 
gmdiiallj  upwards,  and  causes  the  le^d  to  escape  in  tho  fi^rm  of  a 
perfectly  fiiiiehed  tub©  through  the  annular  ^paceexistiuij  betv^ty^n 
the  mandnl  and  the  fixed  collar.  Tlje  pipe,  in  proportion  an  it 
'  eocapee  from  the  presa,  ia  coiled  around  the  drum,  i>,  fnnu  which 
it  ia  afterwards  remoTed,  and  cut  into  convenient  Icngtha.  Thn 
pipe  made  by  this  machine  is  of  g€K)d  quality,  and  nmy  l)e  made*  of 
■iBOst  any  required  length. 

^Bbn  admitting  the  pressure  above  the  piston  by  means  of  tho 
frove,  r',  the  plunger  again  descends  to  the  bottom  of  the  I'livity. 

Sereral  alloys  of  lead  with  other  metals  are  employed  in  llm 
arts,  but  by  far  the  most  important  of  these  nro  typo  iiu'tal,  ami 
the  various  mixtures  of  lead  and  tin  known  by  the  name  of  hiddi't. 
Plumber  solder  is  a  compound  of  two  parts  of  lead  and  one  of  tin  j 
the  solder  used  in  the  manufacture  of  articles  in  tin-jJate  '\a  an 
alloy  of  these  metals  united  in  equal  proportiurm.  'riir*  rrmiposition 
type  metal  haa  been  described  when  treating  of  antimony  > 
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Equiv,  =  108.    Density  =  10-47- 

SriTER  k  the  whit<?st  of  a]l  the  metiils,  and  is  capable  of  remTiitf 
a  hi«tre  inferior  only  to  that  of  polished  steel.     Its  malle  * 
ajid  ductility  are,  next  to  gold,  greater  than  that  of  any  other 
Allien  pure,  it  is  so  «oft  as  to  be  re^wiily  cut  ^-ith  a'  knife 
thit  state  enters  into  fusion  at  a  full 'red  heat,  corre^pouui 
acfording  to  Uaniell,  to  1S73'>  of  Fahr.  seale.     Wh^m  ftised 
open  vessels,  it  absorbs  oiygcn  in  considerable  qunntieieB,  eome- 
timea  amounting  to  22  times  the  volume  of  the  tnetd  itself.    Ott 
becoming  solid,  however,  the  whole  of  this  gas  is  again  eiwll^l: 
and  to  tilts  eircumatanee  is  probably,  in  some  degree^  ov. 
metallic  vegt^tation  which  takes  place   on  the  ffurfiwi?  i 
krattotis,  wbf  n  suddenly  cooled  on  the  cupel.    When  silver  i 
Id  Tfdtie»  in  contact  with  porcelain  or  glass,  the  abaorbtHi 
C0m1»ik«  with  the  metal  to  form  an  oxide,  which,  uniting  with  the 
«ffidc  md  of  the  subatance  with  which  it  is  in  contact,  gives  rw 
I*  ilie  formation  of  a  yellow  eiiatiiel.     When  heated  verv  strondlj 
-^abbit  furam-e,  this  metal  gives  off  sensible  metallic  vapouriv  ami 

' J  to  thf  high  temperature  between  two  charcoal  d<»ctrode« 

tionT^-ith  a  powerful  voltaic  battery,  is  readily  vol-T-i"' 
a  large  quantity-  of  silver,  and  afterwards  aflowi- 

irnWy,  cubic  and  octahedml  erystiils  may,  on  pi.-n ui- 


„  crust  and  nnmiiig  off  the  'still   liquid    metal,  b« 

Wm  solutions  of  silver  are  decomposed  bv  the  action 

flkctnc  currents,  the  precipitated  metal  is'  frequently 

to  mmaoe  a  cirstalline  form.     This  metal  does  not  absorb 

m  miioan  temperatiLres,  but  speedily  becomes  bbckened 

to  IB  atmosphere  containiug  the  most  minute  traces 

l^liifogeii  gas,  which  is  decomposed  by  it  with  the 


contact  with  the  causHc  alkalies,  it  do(« 

j^  Ik  Ian*  affected,  and  is  for  this  reason  frpqucntly 

* "  |j  emcibles  to  be  used  when  attacUn^  Tarioua 

Vt  ijuiV  fotM^*     I^  ^^^  presence,  however,  of  fiiM^ 

to  a  certain  extent  become  xucivd  oil 


* 
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the  sUit'ate  i»  ataintMl  of  a  yellow  coJonr.     Oxkle  of  silver  is 

urej  by  bent  alone,  and  a  globule  of  met  id  is  thus  obtained. 

ITnli'sem  a  j*tAte  of  oxtit^tne  divisioD,  silvrr  is  not  attarked  by 

drcK'ldoric  acid,  and  even  then  reqwirea  to  be  heated  to  the  tern- 

fXTttture  of  ebidlition,   before  the  decnnipotiition   of  the  acid  is 

effected.    By  dilute  ftulphurie  arid  no  effect  ia  produeed,  bat  wbeu 

etrong  sulphuric   aeid  is   employed,  it  is,    when  aided  by   heat, 

readily  deeomposed,  with  the  formation  of  sulphate  of  .silver  and 

the  evolution  of  sulphurous  aeid  gaa.      J^itrie  aeid  readily  attacks 

silyer   even  at    ordinary   temperatures;  binoxide  of  nitrogen   is 

erolved,  and  nitrate   of  silver,   fnnar   caustir,  is  produeed.       By 

ioriue,  iodine,  and  bromine,  silver  is,  even  in  the  eold,  readilj 
Bcked< 
ph 
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flver  occurs,  in  the  native  state,  alloyed  with  various  other 
la^  also  mineralised  by  the  non-metallie  elements;  anch  on, 
phur,  seleuliim,  arwenie,  chlorine,  bromine,  iodine,  and  lastly,  in 
combination  with  certain  ficida. 

Besides  being  obtained  in  larp^e  guantities  from  lead  ores,  the 
silver  of  commerce  is  ehiefly  derivecl  from  Vifreonx  silver^  Brit  He 
or  Black  siher  ore.  Red  silver ,  Horn  sihrr.  Malleable  /tilver,  and 
a  natural  amait/am  of  Silver  and  Mercury  found  extensively  in  some 
silver  mines. 

WatlTe  ntlrtr ;  Argent  natifi  Gedieyen  Silber,  is  found  accom- 
pannu^  the  other  ores  of  this  metal,  and  more  particularly 
the  Bulphuret  aud  chloride,  ami  is  frequently  associated  with  red 
silver  ores.  It  occurs  either  in  a  crystalline  form,  or  in  the  state 
of  divergent  branches,  of  which  the  extremities  are  composed  of 
^■nmerous  minuto  crystals,  similar  to  those  observed  in  speeimeua 
^Ppnative  copper. 

^^  This  metal  likewise  occui-s  in  amorphous  masses  in  long  fila- 
\  mentary  strings,  and  in  the  shape  of  eompr-eaf^cd  plates  of  greater 
^^  less  extent.  One  of  the  largest  masses  of  metallic  silver  ever 
^^ptained  in  Europe,  waa  procured  from  the  mines  of  Kouigsberg, 
'  in  Norway :  tliis  speeimen,  which  U  pwsened  at  the  museum  of 
Copenhagen,  weighs  about  five  hundred  pounds ;  others  of  still 
larger  si/e  ha^e  been  cited  as  conting  from  the  same  locality. 
The  crystals  of  native  silver  are  seldom  very  perfectly  defined,  as 
they  never  occur  in  an  isolated  state,  hut  in  most  instances 
^jnapenetrate  each  other.  The  cube,  the  octahedron,  and  cubo- 
^^■Decahedron,  are  among  the  f(>rms  which  it  most  frequently 
^^■umes.  Native  silver  is  usually  found  disseminated  in  ferru^inoua 
^^bcd,  as  at  Huelgoat  in  Brittany,  aud  iu  the  \\vvu<i^%  oC  CKv\\<t!Cidk 
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Mexico,  whore  these  argentiferous  iron  orea  receive  the  uarDw  d 
pacoa  and  coloradoa.  Native  silver  ia  also  founJ  in  the  llmz. 
Saxony,  Iluiigtiry  and  I)a\ip)uny :  large  quautitieH  arx>  Iiltcw-^ 
afforded  by  the  mines  of  Peru  and  Mexico,  and  in  tfu*  T'lTtrJ 
States  of  Ameriea  aome  beautiful  specimens  of  nativi 
been  found  assooiatt^d  with  the  malleable  copper,  pi  ^  a 

the  district  about  Lake  Superior. 

Native  AmaiffAin;  Argent  amalgame ;  Naturlich  Amaljftm,^ 
This  mineral,  which  is  of  a  silvei^white  colour,  and  bright  metallic 
lustre,  occura  both  in  distinct  ciystala  and  in  irregular  iimorpboia 
masses ;  it  also  not  unfrequently  assumes  the  form  of  thin  coi»> 
pressed  plates,  occupying  the  fissures  existing  between  the  Htnciu 

Its  specific  gravity  is  lil,  and  when  heated  before  the  M«'W' 
pipe,  the  mercury  is  expelled,  and  a  fused  button  of  metallic  silnt 
remains.  The  composition  of  this  mercurial  amalgajn  is,  aeeordiaf 
to  Klaproth — 

Silver 36- 

Mercury 64- 

100* 

This  composition  would  appear  to  correspond  with  the  fommk, 
AgHg.^,  although  some  other  analyses  indicated  the  pmeuoe  cfi 
larger  per-eentage  of  mercury.  This  mineral  is  found  in  •  gf«l 
many  different  localities,  but  the  finest  epecimens  have  been  ft> 
cured  from  Moschellandsberg  in  Bavaria, 

Another  species  of  this  substance  forma  one  of  the  principii 
sources  of  silver  in  the  rich  mines  of  Arqueros,  in  the  proriiice  d 
Coquimbo,  Chili.  From  its  malleability  and  general  anpemmeiV 
this  compound  was  for  a  long  time  thought  to  be  metallic  silt«r» 
According  to  the  analysis  of  Professor  Domeyko,  of  the  miaiaig 
school  of  Coquimbo,  this  amalgam  consists  of 

Silver 8G'50 

Mercury    ....     1350 

lOO-OO 

from  which  it  appears  to  bo  composed  of  six  atoms  of  silTer  unitel 
to  ano  equivalent  of  mercury,  and  its  composition  may  ttieicfiivt 
be  representi'd  by  the  formula  Ag^Hg. 

Vltrcoua   iuliihuret  of  Silver;  Argent  suffurS ;    SUhtffflttms,— 

This  mineral  occurs  massive,  and  crvstalliaed  in  eti^  • 


.!,_.( 


--%* 


bedrons.     Its  colour  is  a  shining  lend  grtJjr*  tuid  I'h 

ia  of  the  same    colour,   is   likewise   shining.  :p*  uf 

the  massive  varieties  i&  slightly  conchoidal,  som-  froad^ 

big  to  vitreo\iA.    it  ia  Cuaibk  «vea  in  the  flame  vi  an  uaiin«i]r 
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ea&dle,  and  before  the  blowpipe  gives  off  sulpbiipous  vapours, 
and  yields  &  button  of  metallic  silver.  This  miiiural  is  at  the  same 
time  one  of  the  richeet  aud  most  abundant  ores  of  silver,  and 
liirnishes  a  large  proportion  of  that  annually  produced  by  the 
vnrious  foreign  mine  a. 

It  occurs  in  those  of  Saxony,  Bohemia,  and  Hungary,  ftnd  is 
partieiilarly  abundant  in  the  roities  of  Guanaiuato  and  Zaciitecas 
in  Mexico.     Siilphuret  of  silver  is  frequently  associated  with  the 
Bulijhuretti  of  t-opper,  iron,  and  antimony. 
ItB  composition  is,  according  to  Klaproth^ 

From  Himmclfurat.       From  JoooliimfithaL 

Silver      ....     86-5 8(J-39 

Sulphur  .     ,    .    *    18'5     .    .     .    ,     IBGl 


1000 


100-00 


Brittle  Sllvrr  0re  ;  Argent  9U^Jhir4  fragile ;  Schirfirzgiltigerz. 
— This  ijiineralis  of  an  iron*gi"ey  eoloiir  iucliuiug  to  bhiek^  with  a 
metallic  lustre  and  unequal  eoiu*hoithil  fracture.  It  hiis  a  specific 
grsLvity  of  6*2,  is  extremely  fragile,  and  whea  brolten  yields  a  black 
powder. 

Before  the  blowpipe  it  affords  a  button  of  metallic  silver,  after 
having  given  off  sulphurous  and  autiuionia!  fumes,  in  which  the 
peculiar  odour  of  arsenic  may  also  frequently  be  detected.     Wliea. 
crj^stallised,  it  is  found  in  small  six-sided  prisms,  of  which  the' 
derivutioD  has  not  with  certainty  been  ascertained. 

This  mineral,  which  occurs  with  other  ores  of  silver  at  Freybei 
Schneeberg,  and  Johsinngeorgenstadt  in  Saxony,  as  well  as  in  tJie 
mines  of  Bohemia  and  Hungary,  aud  in  those  of  C^hih,  Peru,  and 
Mexico,  has,  according  to  the  investigations  of  H.  Bosc  aud  KUp- 
roth,  the  following  composition  :— 

From  Frej-berg,  From  Schemmtx. 

By  Kkproih.  By  H.  Ro«e. 

Silver    ....     GGSO     ....     68-54 
Copper  and  Arsenic  0'50    ....      0Q4t 
Iron      .   .  ♦     .     .       600     .... 
Antimony      ,    .     10*00     ....     14-68 
Bulphur     ...     1200     ,,.     .     1642 

9400    ....  10028 

roiynaaltc  is  another  variety  of  silver  ore,  obtained  from  the 
Peruvian  >ind  Mexican  mines.     It  usually  occurs  in  tabular hexa- 

mal  priiiuia,  and  differs  so  little  in  its  chemical  composition  from 

IttJe  Hulph\iret  of  silver,  as  to  be  regarded  by  many  mineralogists 
nti  merely  another  form  of  thiit  mineral. 

jtnUvonlJiJ   sUver    is  a  natural  alloy   ot  t\xi&«^  Vk^ 


■I 
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LTIOTT  OF  SrLVEE,  ASB  ITS  6Ef  AUATIOIT  FBOM  OTHEB  M£TjLLS. 


'^Hiinttfe  of  Stiver  crrstallises  in  minute  cubo-octahedron8, 
"'^li,  except  in  their  colour,  which  is  green,  very  closely  resemble 
^'Hde  of  silver.  Berthier,  who  first  examined  this  inineml,  dia- 
fel>ed  it  in  the  hydrated  oxide  of  iron  from  Hnelgoiit,  but  it 
ftince  been  so  ahundantly  found  in  the  distriet  of  Plataroe,  ncur 
^•tccas,  in  Mexico,  that  the  ores  there  raised  have  reeeived  the 
^«  of  plata  perife^  from  the  colour  imparted  to  them  by  tliisi 
■j^nce.  According  t<j  the  analysis  of  Berthier,  it  is  composed 
^Ver  5770,  bromine  12"50, 

I" 

Whin  metal  is  either  weighed  iu  the  metallie  state,  as  obtained  by 
[pelJation,  or  ia  prt^eipitated  from  its  solutions  in  the  form  of 
iloiide,  fnna  the  c|u:mtity  of  wliieh  the  amount  of  silver  urigi- 
Uj  present  is  readily  deduced  by  ealcnlatiou.* 
The  precipitation  of  the  cldi>ride  'm  usually  effected  by  the 
dition  of  u  small  excess  of  hydroeldoric  acid  to  the  solution  in 
lich  the  sdver  is  contained,  and  which,  in  order  tWt  a  dense  pre- 
litate  may  be  obtained,  should  be  heated  nearly  to  the  boihng 
Int  previous  to  the  addition  of  the  precipitant :  the  addition  of  a 
r  drops  of  nitric  acid  to  the  iiolution  is  also  fi*equently  found  of 
▼ice  m  obtaining  a  precipitate,  wdnoh  becomes  readily  deposited 
tlie  bottom  of  the  beaker  in  which  the  operation  has  been  eon- 
Bted.  When  the  whole  of  the  chloride  has  been  collected  at 
i  bottom  of  the  vessel,  the  supernatant  liquor  is  carefully  drawn 
into  another  beaker  by  means  of  a  glass  syphon,  care  bein^ 
Len  not  to  draw  over  at  the  same  time  any  portion  of  the  solid 
jcipitate. 

The  chloride  is  now  transferred  from  the  beaker  to  a  thin  porce- 
a  capsule,  of  which  the  wei;;ht  has  been  accurately  taken  and 
ted,  and  after  being  placed,  for  the  pvirpose  of  guarding  against 
i»,  in  a  large  porcelain  di»h^  it  is  again  washed  with  water 
ghtly  acidulated  with  nitric  acid.  When  the  washing  has  been 
upletet!,  th<*  Hupernataut  water  is  drawn  otl^  bv  a  pipette,  and 
;  crucible  with  its  contents  is  removed  from  the  porceLiiu  dish 
which  it  lias  beeu  standing  during  tlie  nroeess,  to  a  water-bath, 
which  the  chloride  is  earefnlly  dried.  The  water  drawn  otTinto 
■?  second  beaker  at  the  commencement  of  the  operation  is  also 
amined  in  order  to  asicertaio  if  any  deposit  haa  taken  placo,  and 
dch,  should  any  occur,  must,  after  washing,  be  added  to  that 
fady  contained  in  the  crucible: 

^f  ray  100  parts  of  the  chloride  oorr6«poiid^tb7&-2.1^it\.&  ol  twiViSij  I 
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in  the  proportion  of  10  of  the  former  to  84  of  the  latf - 
Bpecilic  gravity  of  about  9*6,  and  fuses  before  the  M 
metallic  ^lubule,  from  whioh  antiroonial  fumes  are  drn«u  < 

Eucairltc    is    ud    argeutilcrous    ore    containing    cupper  tni 
seleiiiiiin.     This  subatnnee,  whicli  is  chieflr  obtainca  from  ^ 
occurs  in  bku'k  metallic  fibres,  which,  wbcn  heated    hi 
blowpipe,  afford  the  chametertHtic  odour  of  -' 
A  minend  containinij  silver  and  aeleniuoi, 
lea<i,  is  likeui.se  found  in  tlio  Ilartz. 

Cliliiride  of  ftllv^-r  ;    Argent  corns  ;  Hornttlf^er. — This   mfni^, 
which  wiiA   Ibriucrly  supposed  io  be  of  rare  oeeurr 
tutea  one  of  the  richest  and  most  abundant  ore»  <>! 
it  is  frecpiently  associated  with  native  eilver,  npp:r 
ing  fi*om    its    deconipusition.     It   aUo   OiX'urs    in    rn 
phoua  frui^fnents  in  connection  witii  sulphnret  of  silver,  but  auii 
more   frcipiontly  in   small    eubica]    crystals   disseminated   in  Hbt 
ferragiiiuus  rock  kitown  in  Chili  and  Peru  under  the  names  o( p9m 
and  coUontt/m.     The  cbloride  of  silver  of  Muelgoat  i-*  n'^'i  ..r  t)'i« 
description,  and  ia  disseminated  in  a  e^vernoua  hvd 

iron,   around  the  cavities  of  which  it  assuraea  the  iv». ,  .,.*-.. 

cubo-octaliedral  cr>  stals,  the  hirgeet  of  which  do  not  exceed  in  fm 
the  head  of  an  ordinary  pin. 

The  colonr  of  this  miuej^  is  white  or  ycllowish-whitc*  wink 
becomes  violet  by  exposure  to  the  air:  the  mas^ivt?  fm 
when  broken,  present  a  vitreous  couchoidal  fracture,  tb*- 
which  are  tran.'iparent,  or  at  lea^t  tnmslucid.     Chloride  . 
is    extremely   soft,  and   admits    of  being   cut   Mtnth  a   k 
scratched  by  tlie  nail  with  tlie   greatest  facility.     It    \» 
before  the  tlame  of  the  blowpipe,  and,  w  hen  supported  on 
of  charcoal,  aflbrds  a  white,  pearl-Hke  button,  which  by  co: 
eiposui'e  to  tlie  rechicin;^  flame,  finally  yields  a  t:lohulr  nf  m 
silver.    On  beinq:  moistened  with  wat^r,  and  ;ii 
with  a  piece  of  iron  or  zinc,  its  surface  becomcB  Cf 
of  reduced  silver.     Cbloride  of  sdver,  when  pure. 
75*;^,  chlorine  2 1'7;   and  its  composition  ia  thei< 
by  the  formula  Aj^CL 

Specimens  of  this  mineral,  although  of  companitiTrJy  f^x\ 

reiice  in  the  Eiaropeau  ruiiics,  have  been  obtained  from  Nomrat, 
Siberui,  Saxony,  the  LLaitz,  and  Cornwall, 

loitiiii*  or  MUver  is  a  rare  mineral  of  a  pale  Jenion  colooTf  villi 
flometimcs  a  tint  of  green.      The   colonr  of  tbi«  nn*  •- 
ia  not  affected  even  by  continued  eipoduro  to  the  dir 
the  snn'a  rays,  although  that  artificially  pn>H:       !   " 
tone2»   is  extremely  een^iitive   even    to   •Kifn 

eral  freijucntly  astfuinew  the  form  of  m^u> 
©omp«  wi^  o\'  «\\ver  1"  \,  \u«^uq  *1-*  o  . 
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nmme  of  the  norma f  sofuiion^  is  of  such  a  strengih  that  one 

wiJi  precipitate  1  ^m).  of  pure  silver ;  the  secoiid,  called 

'rimai  MoiutioHy  is  ten  times  weaker  than  the  fir«t,  and  con- 

ntly  eontaius  in  a  litre  of  liquor  the  amount  of  ehloride 

-^arj'  to  eft'ect  the  precipitation  of  Igrrn.  of  pure  silver. 

e  better  bo  under«tiiiia  thiM  nroceaa,  let  us  suppose  that  a 

of  silver  money  of  the  Frencn  coinage  is  to  be  examined, 

rhieh,  in  order  to  be  of  the  standard  quality  as  proscribed  by 

dnjuld   contain  ii^tha  of  pure  silver.     We   will  assume,  ^^^ 

that  the  alloy  in  question  only  contains  -jJ^j^thB  of  silver,  imd^^H 

juently  that  lllO^-rm.  of  the  niiituj!«  will  correspond  to*^^! 

-  of  pure  silver.     This  quantity  iu  then  cut  off  the  coin,  and, 

*    beinp;  accuratelv  weighed,  is  placed  in  a  bottle  capable  of 

:.  perfectly  clrjseJ  by  A  glass  stopper,  where  it  is  dissolved 

^>m  5  to  6  gnna,  of  pure  nitric  acid  ;  and,  as  soon  as  the  boIu- 

bsfi  been  completely  eifeetcd,  exactly  1  decilitre  of  the  normal 

^on  of  comiiion  salt  is  introduced. 

"fc  is  evident  that  ii',  aa  was  lirst  supposed,  the  alloy  has  really  the 
^rd  of  {J^^ii^  the  whole  of  the  sUver  will  be  precipitated  by  the 
'^^•'^tity  of  tiulution  added,  and  that  the  supernatant  liquor  \^"ill 
"*  *  "^  liii  no  tracef*  of  chloride  of  sodium  in  excess.      If,  on  the  eon- 
the  standard  is  hif^her  than  that  originally  ai^aumed,  there 
s^till  remain  a  p4Frtiou  of  silver  involution  ;  whilst,  if  it  be  less, 
^*'holp  nf  the  eilver  wiil  have  been  completely  prt^cipitated,  but 
will  contain  an  excess  of  chloride  of  sodium.      To  ascer- 
I  of  thcftc  cflecta  has  been  produced,  the  bottle  is  now 
loaed  with  itn  gla^s  stimper  and  brisklv^  shaken  until  the 
t  d  chloride  has  ftubsided,  and  the  solution  become  clear. 
»V  h»'o  thia  iK>int  has  been  attained,  a  cubic  eentiiuetre  of  the 
_^^p^*injal  8nlution  of  common  salt  capable  of  precipitating  OtKJl  grm. 
^S?    P^^rc  silver  is  introduced*      If  any  uiiprccipitated  silver  remains 
^^   the  wjlution,  the  liquor  now  beconiea  cluudv,  and  after  being^^ 
^^liu  shaken,  another  centimetre  of  the  decimal  aolution  is  adde£|^^| 
^.**,  on  the  addition  of  this  eeeond  centimetre  of  the  Bolution,  tbe^^ 
*^uor  again  becomes  turbid,  it  is,  aRer  being  well  shaken,  allowed 
^^  clear,  and  a  third  centimetrt*  of  the  decimal  solution  poured  in, 
^Lii  8o  nn  until  no  further  turbidity  is  produced  on  the  addition 
Of  a  fri.'iih  quantity  of  the  decimal  solution.     If  we  suppose  that 
five  of  the  cubic  centimetres  of  the  decimal  solution,  succeaaively 
added,  have  produced  a  precipitate  in  the  liquor,  whilst  the  a^ldition 
of  the  sixtti  luia  in  no  way  atl'ccted  itH  transpai*eney,  we  mny  con- 
clude that  after  the  prectpitatiun  of  1  grm.  of  pure  sdver  by  the 
decilitre  of  normal  solution,  the  liquor  still  contained  at  least  4 
thoiisiuullhH  of  a  gramme  oFfiilvcr.     From  the  cirfMnii-iiance  of  the 
fifth  cubic  centimetre  of  decimal  soUiiiou  havi'  ^vdvt>*  .^ 
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Mexico,  wbere  these  argentiferous  iron  ofe« 
pacos  and  colorados.     Native  silver  \a  also  founj 
Saxony,  Hungary  and  Dauphiny :    krge  quant 
afforded  by  the  mines  of  Peru  and  Meiieo,  ani 
States  of  Am  erica  some  beautiful  specimens  of 
been  found  ftsaoclated  with  the  malleable  cop] 
the  district  about  Lake  Superior. 

Native  Amalf^iiii;  Argent  amalgami ;  Naturl 
This  mitiemJ,  which  ia  of  a  silver-white  colour,  ani 
lustre,  occurs  both  in  diMtinet  crystals  and  in  irru^ 
masses ;  it  also  not  unfrequently  assumes  the 
pressed  plates,  occupying  the  fissures  existing  bel 

Its  speciHc  gravity  is  1^1,  and  when  heated 
pipe,  the  mercury  is  expelled,  and  a  fused  button 
remains.     The  composition  of  this  mercurial  amal^ 
to  Kkproth— 

Silver 80- 

Mercury  .....    S4' 

100' 

!FhiB  oompofiitlon  woiild  appear  to  correspond 
LgHgj,  although  some  other  analyses  indicated  t 
larger  per-eeutage  of  mercury.     Tliis  mineral  is 
many  ditrert»nt  localities,  but  the  finest  specimens 
cured  from  Moachellandaberg  in  Bavaria. 

Another  species  of  this  substance  forma  one 
sources  of  silver  in  the  rich  mines  of  Arqueros,  in 
Coquimho,  Chili.  From  its  malleability  and  gem 
this  compound  was  for  a  long  time  thought  to  be 
According  to  the  andyBia  of  Profesaor  Domeyfc 
school  of  Coquimbo,  this  amalgam  consista  of 

Silver 86-50 

Mercury    ....    1350 


1C»0'00 

from  which  it  appears  to  be  composed  of  sis  atoms 
to  one  equivalent  of  mercury,  and  its  composition 
bo  represented  by  the  formula  Ag^Hg. 

VltreetiH  Sulplmrei  of  nilvcr;  Argent  tulfurt ; 
Thifl  mineral  occurs  massive,  and  crystalHsod  in  cul 
liedrons.    Its  colour  ia  a  shining  lead  grey,  and 
ia  of  the  same    colour,   is  likewise   shining, 
the  Tnass\ve  vanetka  \ft  ftlij^Ktly  conchoidal,  aom( 
ing  to  vitreoxift.    1^  '^a  t\i»MB  «sca  '^  *0s»  ' 
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into  the  bone-ttsh  of  the  cupel,  and  tlms  allow  the  mixture   to 

eonstautlj  present  afresh  suriuee  for  fiirther oxidation.     Frotu  the 

Mistaoce  that  the   silver  money  of  all  Europeim  natioua   is 

I  with  copper,  the  mixtures  ot  these  metalM  are  those  which 

juuit  frequently  uei-upy  the  attention  of  the  aaaayer,  and  the  cupel- 

lation  of  such  aUoys  has  eoaeeqnently  been    more    partieularly 

ii,     Tlie  following;  directions,  therefore,  although  especially 

(ug  to  the  alloys  of  silver  and  eopper,  are  aim  to  a  great  extent 

appiieable  when  other  metals  are  present  in  the  mixture. 

The  amount  of  lead  necessary  to  he  added  to  an  alloy  of  silver 
tnd  copper  varies  in  accordance  with  the  composition  of  the  niii- 
ture  to  be  treate<L,  and  should  be  greater  in  proportion  as  the 
quautity  of  copper  becomes  more  considerahle.  In  making  this 
iidditiou  it  is  necessary  to  bear  in  mind  that  the  lead  must  be  pre- 
aent  in  such  quantity  that  the  litharge  formed  may  be  enabled 
t^  .^iHijohe  the  other  oxides  produced,  and  at  the  same  time  remain 
•  •ntly  liquid  to  be  reachly  absorbed  by  the  pores  of  the  cupel. 
J .  iuite  necessary  amount  be  not  added,  the  litharge  formed  becomea 
pa«t>%  and  spt^edily  covers  the  surface  of  the  cupel,  which  is  then 
aoid  to  be  drowned ;  whilst  if  too  krge  a  quantity  bo  employed,  the 
Saaay  remains  a  long  time  in  the  fire,  and  a  considerable  loss  of 
silver  by  evaporation  is  experienced. 

The  affinity  exercised  by  the  silver  for  copper,  renders  it  neces- 
y  in  these  operations  to  add  a  larger  amount  of  lead  than 
uld  bo  requirc^d  if  pure  eopper  alnne  were  to  be  absorbed. 
Tlie  foUowinpj  table  shows,  according  to  experiments  of  B'Arcet, 
ihe  amoimt  of  lead  necessary  to  effect  the  proper  cupellatwn  of 
f  arioud  alloys  of  silver  and  copper.* 


Standard  of 
BiWer 

1000 
950 
900 
KOO 
700 
600 
600 
400 
800 
200 
100 
Pure  copper 


Amount  of 
Copper  alloyed. 

0 

m 
im 

200 
3(R) 
4CXt 
500 
GOO 
7fHI 
800 
9iM) 
lOlX) 


Quantity  of 
Lead  necessary. 

8 

7 

10 

12 

U 
16  to  17 
16  to  17 
IB  to  17 
10  to  17 
16  to  17 
16  to  17 


QoantitT  of  Lcftd 

in  relation  to 

tlmi  of  Cop)>er. 

60  to  1 
70  to  I 
60  to  1 
40  to  1 
35  to  1 
32  to  1 
27tol 
23  to  1 
20  to  I 
IStol 
10  to  1 


•  B^rthicr.  VoLlLp.«51. 


f  Evi'U  with  ptirni  silver  it  in  found  ncc^mrj  to  add  a  little  load  on  Uiofiipol, 
as  the  builoii  wouJd  not  olh«>rni^c  rt»»ti?np  the  touadeil  ^OTitt^\ivOii\svT<Q^\x«d^ 
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Mexico,  ^Khere  these  arffeutiferouB  iron  ores 
\pacos  and  eohrados.     Native  silver  is  also  founl 
f  Saxony,  Iluiigiir)'  and  Dau|)hiny;    large  quantij 
afforded  by  the  mines  of  Pom  and  Menco, 
States  of  America  some  beautiful  spccimena  of 
been  found  associated  with  the  malleable  cot 
the  district  about  Lake  Superior. 

Native  Amiili^iii ;    Argent  amalgame ;    Haft 
Thia  miiienil,  which  is  of  a  silver-white  colour, 
lustre,  occurs  both  in  distinct  crystals  and  in  ii 
masses ;  it  also  not  unfirequently  assumes  the  fo 
pressed  plates,  occupying  the  fissures  exiatini^  he 
Its  apeeiiic  gravity  is  111,  and  when  heated 
pipe,  the  merctiry  ia  expelled,  and  a  fused  button 
remains.     The  composition  of  this  mercurial  uma 
to  Klaproth — 

Silver 36- 

Mercury If4' 

100* 

Thia  composition  would  appear  to  correspond 
AgHga,  although  some  other  analyses  indicated 
larger  per-centage  of  mercury,     tliia  mineral  is 
many  dilferent  locaiitie«,  but  the  finest  speci 
cured  from  Mosehellandsberg  in  Bavaria. 

Another  species  of  this  uubstance  forms  one 
Bonrces  of  silver  in  the  rich  mines  of  Arqueroa, 
Coquimbo,  Chili.      From  its  nialleabihty  and 
thta  compound  was  for  a  long  time  thought  to 
According  t-o  the  analysia  of  Professor  Domej! 
achool  of  Coquimbo,  this  amalgam  consista  of 

Silver 86-50 

Mercury    ....     13-50 

10000 
from  which  it  appears  to  be  composed  of  six  atoms 
to  one  equivalent  of  mercury,  and  its  eompositioa 
be  repn'sentcd  by  the  formula  Ag^Hg. 

Vltrcouff  Sulpharf  I.  of  Silver  ;  Argent  tulfitri; 
This  mineral  occurs  massive,  and  crj^stallised  in  cnbi 
hedrona.    Its  colour  is  a  shining  lead  grey,  and  ite 
ia   of  the   same    colour,   is   likewise   tlnining»     Tk 
the  massive  vanetvc*  \a  slightly  conch oidal,  sometin 
ing  to  'ntreoUfi.    1^  v^  ^^^\*a  ^^^xi.  m  'Ctia  ^^oa&sTd 
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^  The  following  table  \s  tliat  adopted  at  the  French  Hint,  for  the 

tfereut  alloys  of  aih'er  and  copper  ! — 

Loe«,*  or  qtmntitie«  to  be 

StAndard  bj  added  to  the  weight« 

True  SUiuIjrd.  Cuinelbt  iuit.  foiMid  bT  Cii|x*JJation, 

950  9*7  50  2  50 

900  nmm  4iK> 

8o0  8i5'H5  415 

8(X>  795  70  4-90 

750  745-48  4-52 

700  mry25  4-75 

G50  Gl5'2a  4-71 

(km  595:^:1  4-68 

550  5 15  33  4'OS 

500  49532  4-©8 

300  297-40  2*60 

200  197'47  2-53 

100  09  12  0-88 

"When  other  inetala  lieslJ^d  lead  and  silver  are  preiient  In  an 
allov,  the  tfuppl  nsually  artV^rda  indications  I'rom  whii'h  it  is 
.  i-v  to  judge  of  tbeir  nature,  and  roughly  of  the  amount  in  whic'r 
L'xiat.  Pure  lead  »tainj4  tlie  i-upel  a  straw-ytdlow  colour, 
.1  limes  verging  on  orange.  Copper  gives  a  grey  or  dark- 
brosMi  tint  according  to  its  t|nttutity.  Iron  proditces  a  black  stain 
Mhirh  u  chielty  formed  shortly  aft<?r  the  eommeneejneut  of  the 
operation,  and  gives  ri^e  to  a  dark  ring  around  the  sides  of  the 
cupeL  Zinc  leaves  a  yellowish  stain  on  the  cupel,  and  produces 
during  the  proc^as  of  enpellation  a  luminous  white  ftuniej  and 
abunthmt  fntut-a  of  the  same  colour,  which  C4irry  oil"  with  them  a 
Considerahh'  amount  of  sUver.  Tin  produces  a  grey  alaj^,  and  nnti- 
niony  leaves  a  jspongy  yellow  scoria,  which  causes  the  circum- 
ference oi*  the  cupel  to  etHor^sce  and  split  oH'.  The  two  lai^t- 
named  metals  render  the  cypellation  of  the  alloys  in  which  they 
exist  cxtrtMncly  difficult,  and  nect^s^itatc  the  employment  of  a  brgt» 
quan tit)' of  pure  lead  in  order  to  carrf  otf  the  uisolnhle  oxitles 
formed-  AVlien  aasayw  of  alloys  containing  silver  are  frecinwitly 
to  be  made  by  cupellation,  it  will  he  found  extremely  convemtnt 
to  keep  in  the  labomtory  a  supply  of  ptnir  lead,  ready  weighed  out 
into  pieces  of  50  and  lOO  grains  :*  hy  this  means,  the  standard  of 
the  lead  being  previously  known,  it  beconies  easy,  bv  merely  count- 
ing the  number  of  pieces  added,  to  know  Mactly  wfiat  deduction  in 
to  be  made  for  the  silver  in  the  poor  lead  at  the  termination  of  the 
cupcllation.  When  assay <*  containing  copper  and  other  metals  are 
to  he  cupelled,  the  cupcJ  should  be  tirst  about  h\illL  ^Uni^^vtVi  \Wk\ 
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lead,  nnd  wliou  this  baa  fiisecl  and  become  imcfircmi,  the  aEurtn 

l)e  exaniiiiod  'i»  ciirefuily  ndded,  euveloned  cillier   in  piiptT  or  in  » 

known  weight,  of  thin  sheet  lead,  of  wnidi  the  etandiird  iu^  bwi 

t  previously  detennined. 

Aj*i«ay  of  iillT«T  •r*s. — lu  the   assay  of  ores  helonir''" 
class  tlie  object  sought  i»  to  obtain  the  nietaU  which  ti 
in  the  form  of  alloys  with  lead,  nnd  these  are  afterwjif 
the  nnilflo  and  cupelled  in  the  ordinary  way.      Tht 
as»a>-in^  lead  ores  contauiing  Bilver  waa  dei»cnbed  wht.Mi 
of  that  nietaL 

Ai'gentifcrous  minerals  containing  copper  may  be  aaeayrd 
that  metal  alone  were  prenent,  as  the   I'esultint^  huttun  of 
adniitu  of  beiufjj  rt^adily  cujielled  with  a  proper  addition  of 
lead.     In  roasting  these  ores  it  ia  gcuenilly  nee^'fiisar}  U» 
11  very  low  temperature  only,  as,  from  their  great  fur^' 
would  otherwise  be  liable  to  agglutinate,  by  which  r 

eipulsion  of  the  anlplmr  would   be  rendereif  extrem- 
It  is   also  of  the  greatest    ini]tortariee   that    the    vil 

sulphur  eoutaiued  in  the  ore  should  he  eipelled,  aa  ♦  '  ^'  * 

large  portion  of  the  silver  pn.^seut  is  retained  iii  the  ?  ;j^i  I  »  tbe 
alkaline  sulphuret  formed  ny  the  mutual  deeoni position  en  tW 
nietallic  sulpliurets  and  the  flux  employed  in  the  a^i^ay. 

Ores  of  silver  in  which  the  metaU  exist  in  the  form  of  fcduciliAi 

oxides  ait?  eamnionly  fused  with  a  mixture  of  \U\" -^-''T  fnJ\^ 

powdered  chareoal,  by  which  an  alloy  with  lead  i- 
IS   subsequently    subjected  tn   cupeilfltion.      The    j  > 
litharge  employed  for  this  purpoi*e  must  be  varied 
circumstances,  n»  the  reaiilting  button  of  alloy  bhould   u< 
rich,  since  in  that  case  a  portion  of  the  ^Uver  la  lot»t  in  tl 
Dor  loo  yjoor,  aw  the  eupellution  would  then  occi 
1   and  a  loss  thrttugh  sublimation  be  entailed.     In  > 
400  grains  of  ore  be  the  quantity  operated  on»  a  boi  4| 

will  be  a  ver}^  conveuient  amoimt  for  cupeliation  ■ 

obtained   by  the   addition  of  300  grains   of  lil  <fl 

7  to  H  grains  of  linely-powdered  charcotil.     Thr  ■ 

well  mixed  uith  200  gmins  of  carbonate  of  todii  tiu  a  ^i«^^fl 
Kighlv-glazed  pa])er,  and  aftcnaardti  introiluci*d  into  at;  mr^B 
crucible,  of  which  it   ahovild  not  fill  luore  than  tv  fl 

capacity.     Thin  in  now  covered  with  a  thin  lav.T  <^  jfl 

fused  in  an  ordinmy  a^nay  furnace,  cure  hi  i  .« 

it  tVtun  the  fire  as  m^ion  a**  a  Hiiuid  ainl  n,  •:■ 

i   wlag  ha«  been  obtained,  nn  the  unnducc  ^fl 

'     1w-  lhilll«J>  to  out    t!tt-f  ii.^iti    1  h.'    itiit    :iiiil    VI.  tifl 

1  iiirioicntiv  tl 

taincdis  [,,,-.-'  ^ 
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f|0  flf  tiie  mffrmal  Mlation^  m  of  ttirh  a  «ti«fi|[(li  tllil  OBi^ 
IJD  pneipitote  1  gmi.  of  pure  siiver ;  tin?  ■afwnd,  catMH 
H  iiii flow,  is  tea  times  weaker  than  tlie  flnt,  ifld  gonj 
eootBixts  in  a  litre  of  liijuor  the  Binoiiiii  4/  ebloridii^ 
to  effipct  tKe  precipitation  of  I  grm.  of  puM  alfwr. 

to  understand  thiH  proceti,  ki  oi  mrppam  tM  ta 
^■f  tilvcr  monev  of  the  Frundi  ooiaage  it  ta  be  trrtmiiitiM 
■u^  ta  order  to  be  of  the  »tandard  quilftj  •»  jirMicribad  Im 
Hjkpiild  contain  V^^^^  ^^^  P"'^  mUer.     Wo  will  twuoMM 
HBttt  tkejilloT  in  questtion  only  contains  ^ftfo^^'  '/f  Mh<?r,  '"^V 
■iQiPntlj  tbut  11 10  grm.  of  t\w  iiiiiture  will  or^rn^npiiul  tfl^ 
B.  of  pure  silver,    Thi»  quantity  in  then  cut  off  Uu»  6MJI,  t^ti, 
m  being  accumt^W  weighed,  18  placed   in  a  hotdA  mwihh  of 
K  periectlj  eloaetl  by  a  glass  uttjpptT,  wh<?r«s  it  i*  ditii'jlv<>d 
^n  5  to  6  grms.  of  pure  nitric  acid  ;  and^  a*  nfHm  an  liie  »olii- 
HfM  IkMn  completely  etfert^^,  exactly  I  dedlitre  uf  tlie  nomili 
Hm  of  common  salt  is  introduced. 

Bi  erident  that  if,  as  was  tirnt  AUppiMed,  the  ttllov  han  really  thi* 
fcyd of  ^ftV,  thewholeof  the  sdver  will  be  pneipifiit-'d  by  ib»i 
Bby  of  solution  added,  and  that  the  nypematant  liquor  will 
Kn  no  traces  of  chloride  of  sodium  in  exeeHn.  If,  on  the  ei»ii- 
Htbe  standard  is  higher  than  that  on^imilly  a^iHuinrrl,  thcn^ 
Htili  remain  a  portion  of  Btlvor  in  Hohition  ;  whilnt,  if  it  W  leMM, 
Brhole  of  the  silver  wdl  have  been  completely  pneipiijiferj,  but 
Bquor  will  contain  an  exee8«  of  ehloride  of  Modiuni.  To  hwit- 
fcrhich  of  those  elfeetH  has  betm  pnidurtd,  the  iMjilh*  in  now 
H|to  closed  with  itti  glaas  stopper  and  briHkly  Hhiikrn  uidil  the 
^^Hped  chloride  has  Hubaideut  iind  the  Holution  bciotiu*  clear. 
^Bbp.  this  point  has  been  attained,  a  eubie  eenliinettr  of  the 
Hal  solution  of  conimon  salt  eapable  of  preeipitntiii^  UIMH  ^nri, 
Kre  silver  is  introduced.  If  any  unpreeipitated  hiIvit  n^nmiuM 
lie  solution,  the  liquor  now  becomes  eloudv.  mid  idler  being 
pi  shaken,  another  centimetre  of  the  dei-imiif  Hulntiuu  In  mldeil. 
Bd  the  addition  of  thia  second  eenthnetrc  rif  the  Molulion.  the 
Br  again  becomes  turbid,  it  iy.  aller  being  will  Hhnktu.  jdhwtMl 
■M^and  a  third  eentimetre  of  the  decimal  Huluti<ni  [Kmretl  in* 
^^■b  until  no  further  turbidity  ia  produeed  mi  the  nddition 
HR81  quantit}'  of  the  decimal  aoliition.  If  we  suppose  that 
nbf  the  cubic  centimetres  of  the  decimal  sohdion,  emecessively 
led,  have  produced  a  precipitate  in  the  liquor,  whil*it  the  addition 
the  sixth  naa  in  no  way  afleeted  its  transparency,  we  may  eon- 
,1,.  .h..tr  ..A,.«  ||,p  precipitation  of  1  grm.  of  pure  silver  fcy  the 
al  solution,  the  liquor  still  contained  at  least  4 
nuiJiH  ui  !i  ijnimnie  of  silver.  Prom  the  eireunjHtancc  of'' 
oi'  decimal  sohilion  Vmvmg  cicVi^^-Oiu  W 


was  in  1820  appninted  by  tfie  Frt'ticli  Goverai 
oi"  cxiinnniiig  the  diflL*reiit  prot'0&se»  then 
Parisinn  Mint  for  the  assay  of  aljoys  contain 
and  reportinj[jj  on  any  uioilifications  which 
advjintafTeouH. 

GaY-LuBaoi%  who  was  one  of  the  cornmia 
qnestion  was  suhjccted,  proposed  the  adoi 
inethod  of  astray  now  cmpktyed^  mid  publish 
commission  the  details  of  the  variouH  neeesi 
this  report,  and  liegnoult's  more  recent 
methods  and  appamtus  at  present  employed 
1  am  chiefly  indebted  fur  the  following  detail! 

Thiji  process  consists  in  determining  the  i 
examined  bv  means  of  n  solution  of  chloride 
the  strength  has  before-hand  been  accurately 

The  iiolutioii  of  mlt  employed  is  bo  re| 
litre  iM  capable  of  exnctly  preripitattng  1  gi 
To  deteriiiitie  the  compoBitiun  of  an  alloy,  1 
is  diiisolved  in  5  or  (>  grmw.  of  nitric  acid,  an« 
afUled  the  sittindard  solution  of  common  salt 
graduated  burette  until  the  introduction 
ceases  to  he  accon]])auied  by  a  deposit  CJ3 
of  silver.  Towards  the  end  of  the  esperim 
of  saturation  is  nenrlv  arrived  at,  care  mui 
i*bake  the  bottle  after  the  addition  of  each  sn 
BhJine  aolution,  na   by  thii  mean 8  the  liq 
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Wthename  of  the  normal  solution^  is  of  bucK  a  streiig;t}i  tbat  one 
^H^tn^  will  precipitate  1  gnii.  of  pyre  silver;  the  second,  called 
m^  fl  nohtdony  is  ten  times  weaker  than  the  first,  and  eon- 

m  ettiitaius  in  a  litre  of  liquor  the  amount  of  chloride 

W  to  eflect  the  precipitation  of  1  grm,  of  pure  sUver. 

B  tier  to  imderstana  this  process,  let  us  8Uppo»e  that  a 

Hece  ot  silver  money  of  the  FiTut-h  coinage  h  to  be  examineil, 
Bd  which,  in  order  to  be  of  the  standard  quality  as  prescribed  by 
Hit,  shoiiJd  contain  ^^^^ths  of  pure  silver.  We  will  aBsimie, 
■ffXL,  tbiit  the  alloy  in  question  only  contains  ^'^^^ths  of  silver,  and 
•tiBetjuently  that"  1116  tjnn.  of  the  mixture  will  correspond  to 
Hffmi.  of  pure  silver.  This  quantity  is  then  cut  off  the  coin,  and, 
Bfer  bcinif  aceuratelv  weighed,  is  placed  in  a  bottle  capable  of 
^■■g  perfectly  dosecl  by  a  glairs  stopperj  where  it  is  dissolved 
^^Hdi  5  to  6  grms.  of  pure  nitric  acid  ;  and,  as  soon  a^  the  solu- 
^41  }\aa  been  completely  etlected,  exactly  1  decilitre  of  the  normal 
ion  of  common  salt  is  introduced. 

13  evident  that  if,  as  wa**  first  supposed,  the  alloy  has  really  the 
''^  of  -n^o^a,  the  whole  of  the  silver  will  be  precipitated  by  the 
I  ity  of  solution  added,  ami  that  the  siipematant  liquor  wili 
in  no  traces  of  chloride  uf  sodium  in  excess.      If,  on  the  cou- 
.  the  standard  is  higher  thiin  that  originally  assumed,  there 
-rill  remain  a  portion  of  silver  in  solution  ;  whilst,  if  it  be  leea, 
hole  of  the  silver  ^nll  have  been  completely  precipitated,  but 
iquor  wili  contidn  an  excess  of  chloride  of  sodium.     To  ascer- 
tain whieh  of  these  effects  has  been  prnrJnced,  the  bottle  is  no' 
crarefully  closed  with  its  glass  stopper  and  briskly  shaken  until  tb© 
preoipitAte<l  chloride  has  subsided,  and  the  sohition  become  clear. 

AVheu  this  poijjt  has  been  attainefl,  a  cubic  centbuetrt^  of  the 
decimal  solution  of  common  salt  capable  of  precipitntijifr  OiiOl  grm. 
of  pure  silver  is  intToduccd.  K  any  unprtHMpitated  silver  remains 
m  the  solution,  the  liquor  now  becomes  eloudv,  and  af1:er  being 
-  I'Tj  shaken,  another  centimetre  of  the  decimaf  solution  is  added. 
u  the  addition  of  this  second  ceotimetre  of  the  solution,  the 
iMjnnr  again  becomes  turbid,  it  is,  after  beinp  well  shaken,  allowed 
t*>  clear,  and  a  third  centimetre  of  the  decinud  solution  poured  in, 
mu\  HO  nil  until  no  further  turbidity  is  produced  on  the  addition 
of  II  iV<  sh  quantitj"  of  the  decimnl  solution.  If  we  suppose  that 
Hve  of  the  cubic  centimetres  of  the  decimal  solution,  successively 
added,  have  produced  a  precipitate  in  the  liquor,  wldlst  the  addition 
»»f  I  lie  &iith  has  in  no  way  affected  its  transparency,  we  may  con- 
el  tide  that  alter  the  precipitation  of  1  grm.  of  pure  silver  by  the 
ticii litre  of  normal  solution,  the  liquor  still  contained  at  Umst  4 
t  l^iMiKandths  of  a  gramme  of  silver.  From  the  circumstance  of  the 
filth  cubic  centimetre  of  dccijnal  aobution  having  caused  a  turbidity. 
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whilst  the  sixth  produced  no  kind  of  effect  on  the  aolutioo,  it 
aUo  evident  that  the  Liquor  at  most  did  not  oontAtn  more 
5  thousandths  of  a  gratnuie  of  silver ;  and  therefore,  in  mUia^  4^ 
thoufiandthA,  we  are  certain  of  arriving  at  the  exact  re^uii  U 
within,  at  most,  one  half-thousandth  of  tl^  truth.  The  ataaduti  ' 
the  alloy  examined  will  therefore  be  896 +4^  =900| 
Wlieu,  on  the  contrary,  the  cubic  centimetre  of  the  decimil  flo^ 
tion  gives  no  further  precipitate  in  the  solution  of  biItit 
has  already  received  the  dwilitre  of  the  normal  liqui 
erideut  that  the  standard  of  the  alloy  must  be  tnlenor  to  { 
and  consequently  the  mixture  ia  below  the  legal  title.  li  i  '  < 
case  its  exact  composition  is  re<]uired,  reoourae  must  be  kil  t  •  a 
standard  solution  of  silver  in  nitric  acid,  bo  adjusted  t^^f  >  ■  ^"'^ 
of  the  liquor  may  contain  exactly  1  gramme  of  pure 
18  only  employed  when  the  alloy  to  beexamiikedpro>vei»  -v.  ^  ^^..w 
in  silver  than  waa  imagined  at  the  commeiioeiiieiit  of  the  opeMon* 
and  is  called  the  decimal  solution  of  sitver. 

To  use  this  preparation,  a  cubic  centtoketre  of  the  decimal  sihcr 
solution  is  dropped  from  a  pipette  into  the  bottle  ccmtaimng  fclid 
assay,  and  precipitates  an  amount  of  salt  exactly  correspondi^  to 
the  SBine  Tolume  of  the  decimal  solution  of  common  aah^  «w 
wss  added  for  the  purpose  of  ascert^iining  whether  the  wbole  of 
the  silver  had  been  precipitated.    The  liquor  is  now  brighfteoed  b^ 
agitation,   and    another  cubic  centimetre  of  the  ailver    soliitiaa 
added.     If  a  turbidit)^  is  produced,  the  bottle  is  again  shaken,  wbA 
a  third  measure  of  the   solution  inl7t>duced  afker  the  chlonll 
formed  h.is  been  completely  deposited.     This  is  continued  unsil 
the  addition  of  the  iiilver  solution  ceases  to  cause  a  prectpiiste  a 
the  solution  to  be  assayed.     K  we  in  this  case  suppose  Uttt  lis 
first  five  cubic  centimetres  of  the  sQver  solution  gave  rise  to  tfas 
finmation  of  a  precipitate,  and  that  on  the  introductiuti  of  ibi 
sixth  the  liquor  remained  perfectly  clear,  it  is  probable  l2isl  tki 
fifth  cubic  centimetre  was  nut  entirely  deeomposed«and  it  is  tibfl^ 
Ibro  cu;»tomary  to  admit  that  4^  cubic  oentxmeinss  of  thesibir 
solution  have'  been  sufficient  to  effect  the  deoompositiou  of  ihs 
excess  of  chloride  of  sodium    remaining  in  the  floid  s/Wr  tlv 
introduction  of  the  decilitre  of  the  normal  solution. 

It  is  consequently  evident  in  this  case,  that  it  will  be 
to  subtract  4 }  thousandths  from  the  presumed  title  of  the  com^ 
and  that  the  correct  standard  of  the  alloy  will  be  expreased  bf 
896  —  41  =89li  thousandths. 

In  large  establishments,  such  as  the  difimnt  Mints  wliefegfHil 
numbers  of  assays  of  alloTs  composed  of  copper  and  s£lTcr  Mi 
duly  made,  tVc  ^^^^xs^i^ia  ia  «^  scnagod  as  matenall?  to  '  ***'"^ 
Hie  performance  <S.  l^j^iM^m^ttgUfiofna,  ^ms^  ^ 
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French  Mint,  where  this  methcHl  of  aaaajing  was  fimt 
red,  the  appanttus  figs.  207  and  208  haa  been  adopted. 


207. 


308. 


ith 


he  normal  aolutioii  of  common  salt  ia  kept  in  a  large  vessel,  v, 

e  of  sheet  copper,  and  carefully  tinned  on  the  inside.     Thia 

rvoir,  for  tlio  purpose  of  preventing  evaporation,  is  completely 

?red  by  an  immoveable  lid,  provided  with  a  tube  «  «,  by  whicn 

e  air  enters  the  chamber  to  supply  the  place  of  any  portion  of 

e  Boiution  that  may  be  drawn  off.     This  vessel,  which  is  wnp- 

rted  on  a  shelf  fixed  near  the  roof  of  the  laboratorvT  i«  provided 

a  tube,  bed,  bent  at  ri^ht  anL^le«  at  c,  and  which  admits  of 

closed  by  a  stop-cock,  f.     The  pipette^  p,  which  coutaina 

y  a  decilitre  of  the  liquid^  is  connected  with  the  tuht^  e  d  by 

a  of  the  tybe  d  i*,  which  contains  a  thermometer  accurately 

ated.     The   metallic   connector  by  which  the  tube  d  e  13 

ed  to  the  pipette,  p,  is  provided  with  two  stop-cocks,  /'  and  i*\ 

of  which  the  useB  will  be  presently  explained.     In  conducting  an 

aaeay,  the  operator  closes  the  extreiiiity  of  the  pipette  with  the 

^ggf^^Bgvr  of  the  left  hand,  fig.  208,  and  with  the  rv^Ut  o^^° 
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the  taps  /  and  t'%  by  the  first  of  which  the  i*oiii 
burette,  whilst  from  the  second  the  air  contained  ii 
esc&peB  in  proportion  as  it  l)ecome&  filled  by  r' 
of  chloride  of  sodium.     When  the  burette  li 
the  Hquor  to  a  little  beyond  the  mark  w,  the  coi  i 
both    closed,   iiud    the    iubtrunient    remains    chiti  _. 
lution. 

On  the  table  imniedtately  beneath  this  apporatiis  ie  pbcfdt 
sliding  support,  w,  in  which  is  secured  by  means  of  a  ring  of  ihiB 
copper,  c,  the  bottie,  B,  containing  the  8olutir>n  in  nitric 
the  alloy  to  be  aasiiyed,  whDst  iminediately  in  connection 
is  n  small  stand,  g,  on  which  is  fastened  a  »ponge,  q,  cot 
piece  of  fine  linen,  and  gitualcd  at  the  exact  height  of  the 
of  the  pipette.  The  aasayer  now  slides  the  pkte  w  in  the  ^^ 
G  o',  in  such  a  way  tJaat  the  sponge  may  come  in  contact  with 
extremity  of  the  burette,  and  hj  carefully  admitting  air  ihroi 
the  aperture  t\  allowg  the  liquor  to  descend  imtil  it  exactly  reacbei 
the  level  of  the  line  m,  marked  on  the  glass  by  means  of  a 
ing  diamond.  The  epotige  removes  the  laat  drop  of  the  tdl 
which  would  otherwise  remain  attached  to  the  beak  of  the  in 
m en t,  and  in  proportion  as  it  becomes  aatnrated  u  ith  mo^ 
leaks  down  through  the  hollow  support,  s,  into  the  eup-nbaped 
ceiver  r,  where  it  is  collected*  The  operator  now  drawa  the  *' 
towards  the  right  until  it  is  yt^oppeil  by  a  peg»  which  arreata  Ir 
the  neck  of  the  bottle  is  immediately  under  the  extremity- 
burette  ;  and,  having  again  opened  the  cock  t'\  he  allo^*^ 
tion  to  flow  directly  into  it.  The  last  drop  of  the  liqn<  • 
remains  attached  to  the  burette  ;  but,  as  tne  instrn 
with  due  attention  to  this  circumstance,  its  n 
unnecessary,  and  would  in  fact  vitiate  the  result  ot 
most  instiincea  several  assays  are  being  made  at  i 
the  weighed  quantities  of  alloy  are  commonly  dissolved  m 
bered  bottles,  which  are  amingcd  in  a  metaUic  frame  sorrMw^iat 
similar  to  a  cruet  stand,  and  which,  after  the  introductioii  < 
acid,  is  placed  in  a  vessel  of  hot  water  for  the  purpose  of  :.» ... 
tating  their  solution. 

When  the  various  aUoya  have  become  cnmpletciv  i^-.?' 'i- -^ 
nitrous  fumes  are  removed  from  the  bottles  by  .^ 
into  them  through  a  ghias  tube,  imd  a   decilitre   «ii   \ti'^ 
solution   is    then   introduced   into  each  by  the   method 
dewcribed.      The    bottles    are   subsn  ''       ' 

motaiiic  ca8c,  c,  fig,  201),  which,  be^ 

its  for  each  phial,  is  suspended 
mff,  a  t,  ana  ia  steadietl  fn>m  b* 


abvady 
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li  is  then  experienced  in  obtaining  a 
I 'ill,  and  when  this  is  obaen*ed  the 
mJ  as  im  wort  by  of  credit.     The  aa4?ay 
uirrcurv   lusiy,    however,  be  made  by  the 
t^riou  of  acetate  of  soda  be   added  to  the 
Kig  the  HiJver  previouak  to  the  iiitrodue- 
^i'n,  aa  thia  reagent  ha»  the  property  of 
lion  of  the  mereurml  chloride. 


ITETALLUEGY  OP  SILVER. 

ilrina  are  first  treated  for  lead,  and  this  metal 

1  from   fcsilver  by  the  iriethod  described,  page 

i    i.-i  assioeiated  with  i'opper  orea,  theae  are  m 

lor   the   eopper  they  coutain.     The   crude 

v(T,  eubseqiiently  fused  with  the  addi- 

of  lead,  whieli  ia  afterwardj*  aweated 

iJ:^r  prucefc?ii,  and   subjected   to  cupellatiou  in   the 

In  some  iostunceti,  iii&tettd  of  fusing  the  crude 

letallic  lead,  the  ores  are   mixed  with  gtdeua,  and 

in  a  reverbcratory  furnace,  by  which  proeesa  ti 

id  tirgentiferouh  lea  J  areproeured. 

the  continental  establishnienta,  the  separation  of 

)j)[>er  it*  effected  by  the  anialji^aniatiou  of  the  last 

i?d   during  the  nietallurj^c  treutiuent    of  the  latter 

lie  ores  of  silver  which  eimtain  so  suiall  a  prnpurtiun  of 

tiiU  that  their  extraction  would  not  be   attended  ^iih 

tire  rirsnlts,  are,  on  the  contrary,  directly  subjected  to 

t  by  metallic  mercury. 

lali^aniation  of  silver  ores  may  be  perfomied  by  two  dis- 
?eB»eH>  The  firyt,  which  is  that  employed  ut  Freyberg, 
f,  baa  been  nniverHally  udrjpted  in  all  European  establish- 
rbe  uecond,  known  by  the  name  of  the  Mexican  procesu, 
reJy  employed  for  the  extraction  of  the  silver  obtaioed 
various  mines  of  the  New  World,  and  chiefly  differs  from 
?epD  process  by  being  eon  ducted  without  the  aid  of  any 
uel,  which  in  many  of  the  ftircign  mining  districts  u* 
I4carce  and  expensive. 
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other  liquids,  expands  and  contracts  in  accordance  with   i 

perature  to  which  it  is  exposed,  it  becomes  neccsHiiry  w  c 

a  tab b  of  corrections  to  be  crnpkiyed  in  all  casi^a  wh«'n 

is  used  at  any  temperature  eitlier  Above  or  bciow  thi> 

this  pui'pose,  the  tliernionietcr  contaiJied  in  the  tube  */  <  SLUiist^ 

consulted,   nnd  the  correction  read  off  fn)m  tables  prcniirr4j 

that  purpot*e  ;  but  in  most  ini*tances  it  iu  preferred  to  make 

the  following  tnethod^  hy  which  any  error  arising  from  the 

preparation   of  the  normal  solution  is  at  tht*    tuiuie    timt^ 

^imrded  against.     With  this  view  the  ajidayer  ninkes   each  m.vrn- 

in^  an  experiment  on  1  grra.  of  pure  silver, 

he  is  condaeting  his  regular  asaaysofthe  n 

the  result  obtained  by  this  check  lie  is  enabled  to  correct  for  uj 

little  irregularity  in  the  constitution  of  the  soJution  employed. 

The  .Htandard  solution  of  chloride  of  ftodinm  is  nuule  fnmi 
mon  salt,  without   any   preliminary  purification,   and  la   ui 
prepared  in  considerable  quantities  at  a  time.     For  this  nn 
500  crramnies  of  common  »alt  are  di»«olved  in  four  Htree  of  i 
The  liquor  is  now  filtered,  and  the  amount  of  wat*r  Uiat  wo«l 
necessary  to  make  a  normal  solution  in,  supposing  '^ 
pure,  is  added.     By  this  means,  a  solution  roughly  aft 
only  to  the  composition  of  the  normal  liquor  i»  o\>t&i  i 
which  the  exact  standard  must  be  ascertainied  by  acl 
litre  to  a  solution  of  one  gramme  of  pure  isilvor  in 
The  liquor  is  clarified  by  a^ifitation,  and  by  the  additiu 
aivii  centinietres  of  the  decimal  solution  either  of  silver  or  cUwi 
of  sodium,  the  exact  amount  of  free  silver  or  chloride,  as  the 
may  be,  remaining  after  the  addition  of  the  decilitre  of 
solution,  is  accurately  ascertained. 

When  this  ta  known  it  becomes  easy  to  calculate  th«»  *| 
of  wat^^r  orcJiloride  which  muat  be  added  in  order  to  arrive 
correct  standard ;  and  when  this  has  been  added,  other  eip*  r 
of  a  similar  description  are  made  until  aatiafactory  re^uJla  _. 
length  obtained.     The  decimal  chlorido  solution  ia  readily  prcpanrf 
by  pouring  a  cubic  decilitre  of  the  normal  solution  into  a  oottJeW 
the  exact  capacity  of  a  litre,  and  all^rwards  filling  it  np  witli  pwt 
distilled  water. 

To  prepare  the  decimal  solution  of  silver,  om?  gmtn  of  mat 
silver  is  disaolved  in  nitric  acid,  to  which  di»tilled  wali?r  ia  am^ 
wards  added  until  an  exact  litro  of  the  liquid  in  ubtatited. 

When  the  alloy  operated  on  contains  either  ^(flA|iM 

results  obtained  by  the  humid  assay  ara  no  I  ^*^^^l 

mctoitd  being  precipitated  attheanint  i'  ^T^B 

a  portion  of  the  normal  stdutiun  by  jifl 

vitiated.     The  ptc«0i^jQi«  qIuxotcvit^  lu  the  alio\  ciauiu}*  ifl 
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of  the  ores  then?  treated  are  sulphur, 
pen  lend,  iron,  aad  zine^  which  are  m 
earthy  minerals,  K^sidea  soinetimes  a 
biiimuth.^ohl,  jiickei,  and  cobalt.   In  til 
are  »o  assurtud  as  not  to  coutain  abi 
per  ecnt.  of  copper,  as  from  corabiain 
these  metaia  givn  to  the  amalgam  a  p 
reuder  the  treatment  extremely  difticu 
ture  of  the  ditfereut  ores  obtaiTK-d  froi 
that  the  chartren  of  the  fii niiu-ea   ahi 
ounces  of  silver  to  the  ton  of  mineral, 
they  shoidd   contain    a   certain    pro 
usually  csjats  in  the  fonn  of  iron  pyri 
gives  riae  to  the  formation  of  the  Mulpli 
sary  to  the  succesH  of  the  auhaequerit 
times  the  case,  the  amount  of  pyri tei 
ores  is  not  suflicient  for  these  purpo* 
this  mineral,  or  in  some  instaucea 
iron. 

The  ore,  when  tlwRi  prepared,  ia  laid.^ 
Ien;[!ftli  aud  uhimt  twelve  m  width,  and' 
about  10  per  eeiit.  of  common  siih,  W 
upper  room,  through  a  Bpout  placed  ' 
Tlic  heap,  when  it  fmebeentiiun  mad 
and  common  ssilt,  is  well  mixed  by  heip 
is  subse()iiently  divided  into  amalJ  pan 
weighing  from  Sk  to  4}  cwts.  ThesaJ 
purpojtc  at.  the  llaUbnicke  works  araai 
plied  by  the  Prurfniau  salt  mines. 

The  mixture  of  oi-e  and  salt  is*  noi 
furnaces  provided  with  fume  flueti  for 
Vfruk'ut  matters  which  may  be  mech 
draught.     The  prepaivd  charge  id  sp 
hearth,  where  it  it^at  Erst  very  gently 
expeliin*?  the  umisture,  which  to  a  ^rea 
ftbly  contains.     Buriug  the  process  of 
pies  two  houi^,  the  charge  is  ki'pt   coi 
iroii   rake,  nud,   when   this   operation 
advanced,  the  heat  is  »o  tar  increuijed 
the  stdphur,  and  to  render  the  ore  red- 
Tlie  furnace  la  kept  at  this  teraperal) 
during  which  time   the  metals  becoma 
acid  gjus  is  rapidly  ijivt'i>  off,  whilst  the 
prevented  Vrtvw  lu'eomiug  ng*^lutiu:ited 
tare  iu  now  6t\\i  ^\\v\.\\v\:  \^\\*v!^^,  wwX  -^vi 
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hydrochloric  acid  generated  at  this  stage  of  the  operation  ia 
to  decomposition  of  tlie  chloride  of  iron,  bv   the    at-tion  of 
jen  and  wattTy  vapour.     Thia  hist  tiring,  which  occupies  about 
^^      Tve-quartera  of  an  hour,  is   continued  with    eooatant  »timDg 
^^*ilil  a  aample  taken  froiu  the  furnace  ceasca  to  evolve  any  odour 


""^aulphuroud  acid,  and  has  f(»r  its  object  the  deemn  posit  ion  of  the 
^^ft-saJt  bv  the  metallic  aulphatcg  produci'd.  During  this  process 
5*%e  ore  increaaeB  considerably  in  volume,  and  assduiueu  a  tlecp- 
^^fi»\Mi  (Niluur.  'VVTieii  the  roar^tiug  is  terminated  the  charge  is 
^  «  the  furnace  on  to  the  door  of  the  e^tablishnnmt,   from 

'Vr  fer  having  been  allowed  to  eool,  it  ia  removed  for  the 

J  being  pas!ied  through  a  set  of  Hue  sieves,  by  which  the 

^jj.  I    ^ der  is  separated  from  the   agglutinated  lumps.     These 

*%re  broken  down  to  a  proper  «ize,  and  after  being  mixed  with  a 
^n*«h  qujintity  of  ana  salt,  are  again  roasted  in  the  usual  way. 
The  tiner  particles  are,  on  the  contrary,  taken  to  a  pair  of  heavy 
mili-stooes,  where  they  are  reduced  to  the  state  of  a»  impalpable 
nowder.  At  the  Halrtbrucke  works  there  are  fourteen  roa-^ting 
tnrnuce?!,  and  ad  many  pairs  of  grauitc  unll-stones,  whieh^  to;^ether, 
arc  capable  of  preparing  and  grinding  about  70  tons  of  ore  per 
k.  The  ore,  after  pa^^aiiig  through  the  mill,  which  makes  from 
to  120  revolutions  per  Uiinute,  is  silV^d  through  a  dressing 
apparatus,  whieh  renders  it  as  impalpable  aa  the  tinerit  Hour. 

Tlie  reactions  produced  by  the  process  of  roasting  arc  the  fol- 
lowing : — Tbe  suJphurets  of  iron  and  topper  give  off  sulphurous 
acid  g!W,   and  are  transformed  into  oxitlea  and  sulphates.     The 
aidphuret  of  silver,  on  being  heated  in  contact  with  the  sulphates 
of  iron  and  copper,  is  converted  ioto  sulphate,  whdst  these  metala 
become  oxidised,  and  sulphurous  acid  is  evolved.     The  sulphates 
of  iron  and  eopper,  together  with  the  salt  with  which  they  are 
mixed,  bceome  fused  cvcu  below  a  red-heat,  and  il"  sulpburct  of 
silver  be  present  lu  the  nuxture^  a  further  amount  of  sulphurous 
acid  is  evolved,  through  the  deeonipo.sition  of  that  niuieral,  pn> 
duced  by  the  reaction  of  its  sulpliur  on  the  t*ulphnric  acid  of  the 
sidphates ;  whdst  eulphate   of  soda,   chloride  of  silver,   and    the 
chlorides  of  copper  and  iron,    are    formed    at    the   same  time. 
Wheu  these  reaetioii?i  are  conducted  with  free  access  of  air,  the 
iron  becomes  partially  converted  into  sesquioside,  whilst  a  eorre- 
smmdiiig  amount  of  the  sesquichloride  of  that  metal  is  produced. 
Ihe  sulphtirets  of  antimony  and  arsenic  are  Hkewise  at  the  same 
tittle  oiidised,  and  we  may  tberttforc  regard  the  roasted  ore  as 
L,^  composed  of  sulphate  of  soda,  chloride  of  sodium,  chlorides 
I  ingaui'se  and  lead,  Beaquichloride  of  iron,  and  sitbcbhu'ide  ol 
iopper,  chloride  of  silver,  sundry  earthy  impurities,  and  sarroui 
»t.illic  o tides. 
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The   amalgamation  of  this  prepared  ore  i«   pesfc 
wooden  casks,  arranged  in  4  rows,  and  each  turiiuig  oo 
axles,   secured  to  the  ends  by  means  of  bolts.     Thim6 
which  are  2  feet  10  inches  in  fength^  and  2  feet  8  iiicbes  iii 

nnl  diameter,  are  made  of  oakiil 
3  J  inches  in  thickness,  and 
ther  8tren§:lhened  bv 
binderi*,  %.  210,  On 
cnda  of  each  tun  is  pif 
wheel,  which  workd  intcj  ano 
toothed  wheel,  wr,  figs,  211  o&d 
mounted  on  an  axle,  r,  ^!iich 
ceives  its  motion  dirtn- !  m 

wheel.     Above  each  Jl 

arranged,  is  placed  a  \    •■       i  ^•ai 
into  which  \»  thrnvsn    Hi 
minend,  and  which  is  fumisl 
a    leathern    hoso,   A,    for    tl 
po»e  of  introducing  the  pOfWi 
into  the  different  barrels,  n.     With  this  view,  e^ich  c«skj 
niiilied  with  a  circular  opening,  o,  and  an  iron  or  wc 

which  is  ^m] 
running  offai 
minatioa  of 
cess,  th<*  at 
amalgam  < 

The  bftsms, 
atediii 
each  lu 
tiizo  aa  to 
tain    the 
water    ne 
one    chaf|pe. 
the  tutu,  and 
above   tbo    j?ur*«i 
the   jjwiuni: 
e*'tl  Lriiim 
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d  through  the  hoBe  L     To  this  are  added  from 
[  m^ught  iron,  cut  into  frugineuts  of  about  an 


(lock  6,  fig.  210,  which  causo  the  tuii»  tu  rottitt? 
>f  irom  18  to  20  turna  per  minute.  At  tht- 
hours  the  machiuery  is  ugaiu  atopped,  and  tlit? 
tor  tlie  purpose  of  examining  tho  wtate  of  tho 
e  wbieh  they  eontaiu.  If  the  charge  is  too  firm 
Mldod,  but  if,  oil  the  contrary,  it  is  foiuui  to  be 
quantity  of  powdered  ore  is  thro'WTi  in.  When 
bended  to,  5  cwIb.  of  ujtrcury  are  poured  into 
he  tunfl»  afttT  being  »ecurely  eloaecl,  are  again 
♦,  and  kept  constantly  revoi\ing  for  lU  or  18 
» of  from  20  to  25  turns  per  minute.  During 
I  liowever,  twice  examined^  for  the  purpose  of 
■MMste  which  they  contain  be  of  the  proper  con- 
y»  too  thick,  the  particles  of  mercury  Jire  not 
it  into  contact  with  the  silver  contained  in  the 
uch  water  hoi*  been  added,  they  remain  at  the 
;,  and  are  not  sufficiently  uiised  with  the  diftereat 
tie  charge.  lu  the  first  ease  it  is  oe(*et*8ary  U) 
;ty  of  water,  and,  in  the  second,  a  little  pctwdered 
i6!odu(*tion  of  the  mercury,  the  tetuperature  of 
B»  considerably  raised  by  the  cliemical  changeH 
on  within,  so  that,  even  in  winter,  it  sometimes 
flj9i°  Fahr. 

tm  of  20  hours  the  anmlgaiuation  of  the  eilver  ih 
ute,  and  the  tuna  are  now  entirely  EUed  with 
made  to  turn  during  two  hours,  with  a  velocity 
ona  per  miuute.  Ihv  itmalgum  is  by  thi»  meonrt 
iie  slimy  uiutters  with  which  it  wiim  mixed 
fit  the  bottom  of  the  tunii,    AVlv^\i  tA> 
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ffution  of  the  amalgfam   has    been    a<x'om|>l 
tniflks  are  sucueasivcly  thrown  out  of  f^ear,  ;ni' 
their  apertures  a  imiuediately  over  the  np. mi 
m  the  bung  is  now  removed,  and  Uie  lj(ju<.i 
and  is  rceeired  in  the  triangnlar  spout ;    i ' 
watches  this  period  of  the  oi>eration,  and  tin 
earthy  matters  begin  to  flow  from  the  oritl<  > 
closed.     The  uiereiin'  is  now  run  oil"  throuirli 
the  glitter  c,  by  which  it  ia  conducted  to  a  r 
that  purpose. 

The  caaks  are  now  turned  with  the  apti 1 1 
as  soon  as  the  bunc^  have  been  removed,  tbu;. 
buck  to  their  former  position,  and  tJve  imid'! 
charged  into  a  spout,  trom  which  it  flows   ii; 
situated  at   a  lower  level,     Tliis   residmiry 
stripped  of  its  Hilver  to  within  about  5|^  oss. 
therefore  often  subjected  to  another  amal 
insj  and  discharging^  of  the  casks  occupies  al) 
the  whole  process  is  therefore  finisheti  in  soi 
hours.      In   14   days,  100   tuna   of  minenil 
estabhshment,  every  5  tons  of  which  reqi 
15lba.  of  metallic  imn,  and  2lb8.  12}  oi.  ut  ] 
pound  *»f  ini'tallic  silver  produced  ia  obtaill( 
0'95  of  an  ounce  of  merciury. 

Dm-ing  the  first  two  hours  that  the  en«ks 
before  the  introduction  of  the  mercury,  the 
contained  in  the  ore  id  decomposed  by  the  Tn4 
and  converted  into  protoehloride.     If!  instead ^ 
way  described,  the  merciuy  were  imiu    / 
casKs^  it  would,  by  reacting  on  the  [ 
partially  converted    into    (mlomel,   whici 
redueeo  during   the    8ul>aoquent  stagefi  * 
l>e    productive   oi'   a   considerable    Iokm   of  ilik^ 
This  inconvenience  is,  however,  completely  avmj 
of  the  metallic  iron,  as  the  protochloride  thuij  0 
witliout  action  on  metallic  mercurv.     Tho  chloi 
tained  in  the  roast^^d  ore  is  liel<{  m  solutioa 
sodium,  and  beeomiug'  r^ednced  to  tiie  inetAllic 
iii^itiition  with  tho  metiiUic  iron,  eond>inea  i 
form  a  liquid  amal*,»am.     Tho  chlorides  of  k 
decomposed  at  the  same  time  as  the  chlorides  a 
into  the  composition  of  the  amalgam  producecL 

^\1ien  the  residual  earthy  matters  are  drawn  i^ 
ibe  piec^is  o?  m^'ViiVVVe  vtiaw  cjre  retained  by  nn  r 
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'^^Oted  \nto  pit f/- fit fjs,  whrn.*  they  arc  o«iu.r«l;iij;iv  kq)t  stiiivl  \\\\\\ 
*     i-iirgo  quantity  of  water. 

B^^^hetse  tiihd  arc?  turnislu'd  with  openinj;:*  at  various  «li>taiiivs 
^^^lu  the  bottom,  by  which  the  niuiidy  watiT  is  siu-rissiwly  ilrawii 
S*^^  whilst  a  certain  quantity  of  anial::ani  is  found  eolKi-ted  at  tlie 
^^*ttom  of  tlic  vessel.  This  is  eolleeted  at  tlie  elnse  of  tlie  o]»era- 
^^^M,  and  added  to  that  obtained  by  tapj>ing  din*eily  from  the 
^"*>lal^mati«)n-tuns,  as  l)efore  described. 

The  niercun' and  amal«^m  obtained  from  the  casks  is  afterwards 

Altered  throuj^h  close  cam-as  bap^,  by  which  tlie  liquid  quicksilver 

^separated  from  the  pastv  amalgam,  which  is  retained  by  the 

^oseuens   of  the  web,  whilst  the   mercury  passes  t]iroui::li   into 

*B8enroir8  prepared  for  that  purpose.     The  pasty  amalgam  which 

tt  retained  in  the  bai^s  consists  of  a  mixtun?  of  six  parts  of  mer- 

fliry,  and  one  part  of  an  alloy  composed  of  about  SO  ])vr  cent,  of 

iflver,  and  20  of  a  mixture  of  copper,  lead,  bismuth,  antini(»ny, 

gold,  nickel,  zinc,  and  some  other  metals.     This  mixture  is  sub- 

aeqaently  heated  in  a  distillatory-  furnace,  and  is  thus  freed  from 

the  adhering  mercury,  whilst  the  non- volatile  constituents  of  tiie 

alloy  are  obtained  in  the  solid  form. 

Jit  Halsbriicke,  the  sublimation  of  the  mercurj-  is  perfonned 
in  furnaces,  beneath  which  are  placed  wooden  djawers,  sliding 
in  grooves,  and  supporting  an  open  basin  of  cast  iron ;  these 
themselves  sujiport  a  wrought  iron  stand,  resting  on  four  iron 
ieet  placed  within  them.  This  upright  shaft  passes  tlirough  the 
centre  of  five  cup-sliaped  iron  plates,  which  are  placed  at  distances 
of  about  five  inches  apart,  and  are  destined  to  liold  the  amalgam 
which  is  to  be  operated  on.  Over  this  is  lowen'd,  by  means  of 
a  crane  and  chain,  a  cast  iron  bell-shaped  dome,  MU|)porLed  by  a 
wrought  iron  framing,  and  furnished  with  a  looj).  A  sheet-iron 
door  is  also  employed  for  the  purpose  of  closing  up  the  front 
of  the  aperture  when  the  amalgam  has  been  pLiced  on  the 
support,  and  the  bell  has  been  accurately  deposited  over  it.  'I'he 
total  weight  of  the  balls  of  amalgam  placed  in  each  furnace  usually 
amounts  to  about  3  cwts.,  and  after  the  bell  has  been  let  down 
over  it,  and  the  door  closed,  the  basin  is  iilled  with  water,  and 
a  fire,  made  with  chips  of  firewood,  is  lighted  on  the  plate,  which 
has  a  hole  in  its  centre,  and  accuratelv  fits  the  sides  of  tin?  1m*11  in 
the  part  where  it  is  situated,  lielore  closing  the  door,  it  is 
thickly  lined  with  fire-clay,  and  the  apertures  existing  between  it 
and  the  wall  are  afterwords  securely  luted  up. 

When  the  wood  has  become  well  ignited,  the  space  is  gradually 
filled  up  with  fuel,  which  consists  at  first  of  tuH,  and  afterwards 
of  charcoal.     In  this  way  the  bell  becomes  red-hot,  and  th'* 
coij^  which  i^  subJiued,  fulls  down,  uud  ia  colktitod  vik  ^ 
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cxpiratiou  of  tlu^ee  hours  this  roaatmg  is  suffitiently  udvauceif, 

the  ore  is  then  raked  out  tlirough  a  door  in  the  side  of  the 

lacse,  into  a  bin,  where  it  is  allowed  to  cooL     Tlie  ore  thus* 

ifi  now  tiiixed  with  10  per  cent,  of  common  salt,  and  the 

weight  of  very  finely  powdered  carbonate  of  Ibue.     To  thia 

water  is  added,  and  tlie  whole  worked  into  a  paste,  which 

Bubsequentlj  dried  in  proporlv  arranged  8t43vea.     The  dried 

la  then  ground  in  a  mill  to  the  state  of  an  impalpable  pow- 

aud  subjected  to  a  second  roasting  at  a  nnit-'k  higher  tem- 

iture  than  the  first,  on  the  lower  hearth  of  the  fumiu'e.     The 

rbonate  of  lime  added  in  this  eai*o  is  for  the  purpose  of  effecting 

decomposition  of  the   sulphates  of  iron  and  copper,  which 

Id  otherwise  he  produced  in  such  large  quantities  as  to  give 

to  considerable  loss  of  mercury  in  the  subsequent  aiiialgama- 

In  order  to  ascertain  if  the  roasting  is  sufficiently  advanced, 

workman  withdraws,  from  time  to  time,  a  smtdl  sample  trom 

furnace,  and  intimately  mixes  it,  in  a  w  ooden  bowl,  with  water, 

a  certain  proportion  of  mercury.     This  past)^  miittiro  is  sub- 

lently  wasnecl  in  a  krger  quantity  of  water,  by  wliich  tlie 

iter  earthy  particles  are  removed,  whilst  the  heavier  amalgam 

fooUected  at  the  bottom,  and  from  the  aspect  of  this  he  is  enabled 

judge  whether  the  operation  be  progreaaing  favourably  or  not. 

I  the  appearances  thus  observed  are  not  aatisfactor}'^  addition 

le  either  of  salt,  lime,  or  roasted  matt,  in  the  proportions 

may  be  judged  necessary. 

second  roasting  occupies  from  one  and  a  half  to  two  hours, 
the  expiration  of  which  time  the  charge  is  withdrawn  from  tbe 
and  amalgamated  in  casks  similar  to  those  employed  for 
e  purpose  at  Freyberg.  Each  barrel  is  charged  with 
ts,  of  njasted  ore,  75  gtd-lons  of  warm  water,  and  SOlba.  of 
II  scrap  iron.  The  tubs  are  now  made  to  turn  for  a  sufficient 
etiect  the  decomposition  of  the  perclilorides,  and  3  cwts.  of 
are  introduced.  The  apparatus  is  now  kept  in  ntotion 
ig'l4  hours,  at  the  expiration  of  w^hich  time  the  barn*ls  are 
Trith  water,  and  kept  slowly  turning  for  about  two  hours,  to 
the  separation  of  the  liquid  amalgam  from  the  earthy 
irs  with  which  it  is  mixed.  The  tubs  are  aftenvards  emptied 
the  name  process  as  that  employed  at  Freyberg,  and  the  copper 
lUch  obtained  is  afterwards  mixed  with  15  per  cent,  of  piastre 
r,  and  moulded  into  cakes,  which,  after  being  dried  at  &  gentle 
It,  ore  treated  in  a  amall  blast  furnace  for  the  copper  they 
itain. 

I    silver  remaining  in  the  distillatory  appamtus  after  the 

rillsion  of  the  mercury,  is,  in  these?  methods,  lu&ed  in  largo  black 

crucibles,  wliich  are  iillod  with  the  metal  ViVtUvo.t'v^WJctfa 
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of  the  brim,  and  binskJv  agitnted  mth  an  irofi 
silver  ia  m  a  fuaed  state.     Tlie  liquid  metal  »ooii 
fumes,  and  tbrows  up  a  dark-colouri^  nciun.  ^f  hicU  ib  ekiiMUk4 
and  a   fresb   coating   of  charcoid   tbrovii   cm    itn   i^xtrfMO^, 
cinicible  is  afterwards  coTered,  and  again  briaklv  heated ;  any 
slagwbicb   may  bave  been  tbrown  up  h  skiinmeii  ofl*  and 
operation  is  repeated  as  long  as  any  slag  continues  to  be 
Tiie  silvcrj  wbieh  is  still  contaminated  by  from  15  to  18  prr 
of  copper,  is  now  cast  into  ingots,  wbich  tue  nftcrwiirda  tmnfd  h 
A  procesa  of  cupellatiou- 


MEXICAN  METHOD  OF  AMALGAHATIOSr. 


The  ores  obtained  from  the  mines  of  Mexico  and  Chili,  wliidi«p 


situated  on  the  \Ve»tcm  slope  of  the  Cordillf  i 
>  native  ttilver,  natural  amalgams^  antiinoiiial 

founds  of  that  metal  with  arst-uie,  chlnrinc 
n  these  localities  the  metal  is  genendly  »"  v 
the  rock,  as  to  be  but  seldom  visible  beli 
jected  to  mechanical  preparation.    On  hi 
they  are  first  broken  into  pieces  by  men  and 
richer  fragments^  and  reject  thoee  in  which  t  i 
metallic   particles.      The  more   piY)ductive   port 
divided  into  three  classes,  in  accortlnnce  with  the 
ne&s,   are    pounded  by  8tam[)ing  mills^  morteron 
broken  down  to  the  state  of  tine  sand.     This  not  brin- 
divided  for  the  purpose  of  amalgamation,  is  ail 
with  water  in  crushing  mills,  arrastras,  until  it  u  ; .  ^ 
state  of  an  impalpable  paste. 

These  mills  consist  of  a  circular  bed-etono  of  hard  a 
rounded  by  a  wooden  tub,  in  the  centre  of  which  is   - 
vertical  ahaft,  which  carries  the  midlers  by  wbich  the 
effected,  and  is  supported  at  its  upper  extremity  by  ;» 
beanij  to  which  the  upper  pivot  ia  attache<l.     Thi- 
traversed  by  two  horizontal  arms,  by  which  the  i 
ported;  and  to  the  extremity  of  one  of  tbeiii,  wbt 
lor  tliat  purpose,  are  attaehetl  the  two  mules  by  \\  1 
J»  set  iu  motion  when  water  power  is  not  to  be 
iding  of  the  ore  is  generally  performed  in 


'  ronh 
lodinr. 
atinl  in 
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uutii   they  aw 

M'-   -ufTu-irllUV 


iDI 


■Iwd  iir 


fa.  m  which  ziumeroua  arraBtraa  are  at  work  Ml  iha 


in  pjjire  of  this  apparatii  instmctlnn 

freijuently  employed  for  L  nsnirmjcnl 

this  nmchine  la  ot  t\ke  mo^\*  ^vn^  ^tt9iNxv^ftMQg&. 
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Krhcre  a  small  fitream  of  water  c«ii  bo  procunjd,  and  a  fall 
eight  or  ten  feet  be  obtained :  here  a  circular  well  ia  con- 
I  of  the  whole  de|»th  of  the  fall  of  water,  and  al>out  sii  feet 
iter.  In  its  centre  ia  supported  a  perpeadieular  woodeu 
turiiLng  at  its  lower  eitrcmity  on  a  bearing  let  iiito  a  large 
sk  of  stone,  and  secured  at  the  other  end  by  a  cireuiiir  wooden 
Tliia  shafts  at  a  short  distance  above  its  lower  bearing, 
through  a  rudelj-conati-ufted  wooden  wheel,  around  the 
?umfer<»jKf  of  which  are  arran^t'd  several  apoon-shapcd  float- 
making  altogether  a  wheel  of  about  four  feet  in  diameter, 
are  placed  in  a  somewhat  oblique  direction  aroiind  the  peri- 
of  the  wheel,  tuid  are  set  in  motion  by  the  stream  of  water 
ig  \^ith  considei-able  impetus  against  them.  The  upright  axis 
jiiig  through  the  centre  of  the  well  is  continued  about  &ix  feel 
re  its  Burface,  and  at  about  hnlf  thia  height  isi  inserted  a  hori* 
Itul  arm,  which  servcM  as  a  apiJidle  for  a  largo  granite  cdge- 
ler,  which  is  made  to  revolve  in  an  aunidar  trough,  formed 
of  tiie  Hume  material  or  of  extremely  hard  wcK>d.  T]\v 
ore  which  ia  placed  in  this  trough  is  gradualJv  bruised 
by  the  weight  of  the  heavy  stone  rolling  on  its  eoge  conti* 
ly  over  it,  and  i»  either  taken  out  and  sifted  in  the  dry  state, 
more  frequently  gr*jund  into  an  impalpable  pa^ste  with  water, 
case  the  annular  trough  in  which  the  stone  revolves  ia  pro- 
k%ith  a  small  aperture  at  a  certain  distance  trom  ita  edge,  and 
ttusthe  finer  piirticles  of  ore  are  carried  (jfT  in  sugpension  by 
^nt  of  water  constantly  flowing  through  the  apparatm*.  The 
particles  of  ore  thus  carried  oft*  arc  conducted  tliraugh  a  series 
of  pita,  where  thoy  are  allowed  to  settle,  and  from  whence  they  are 
■■pseijuently  rumoved  for  the  puq)ose  of  amalgamation. 
HQ'Iu'  stamping  mills  used  for  the  flrst  crushing  of  the  ores  are 
conutructed  with  equal  simplicity,  and  are  set  in  motion  by  a  small 
under-fthot  wheel  fastened  to  the  extremity  of  the  wooden  axis  car- 
rying the  cams  by  which  the  iron  pestles  are  set  in  motion.  Eacli 
of  these  stamp-heads  or  pestles  usually  weighs  about  2  cwts.  and 
fidls  into  an  oblong  mortar^  somewhat  corresponding  in  shape, 
although  of  larger  dimensions.  z\i'ter  having  been  thus  reduced 
to  the  state  of  an  imjialpable  powder,  the  ground  ore,  or  lama,  is 
carried  to  the  amalgamiition-fluor,  or  paiio,  which  is  a  large  enclo- 
sure surromidcd  by  high  walla  and  closely  paved  with  hu'gc  blocks 
kite.  The  mineral  is  here  spread  on  the  ground  in  the  fonn 
circular  patches  called  tortas^  varying  from  30  to  50  feet 
liameter,  and  seldom  exceeding  1  foot  in  thickness. 
X  Zacatecas  each  torta  contains  6()  tons  of  minerid,  and  is  sur- 
ided  by  a  rough  enclosure  of  boards  proppcfl  in  their  places 
kr^  fltones,  fuid  secured  at  th«  iovnU  h^  «*  VvvVi  *yOTki>^<;^^ 
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a  mixture  of  clay  and  horse-dunfir,  to  pfrovent  the  ew^pe  nt  i  m 
In  the  centre  of  the  heap  of  ore  so  arranged,  is  thrown  a  i\ 
of  aaftierra,   salt    nuAeil  with   various   earthy   inipurit' 
is  added  in  the  proportion  of  150  English  busheb*  t-  > 
and  ia  intimately  luixed  ^rith  the  lama,  first  by  meanjs  ot 
shovels,  and  aftenvardj*  by  the  treading  of  hon*t'»  t»r  nuih:** 

*the  ore  and  salt  have  been  thus  niixod,  the  heai 
remain  for  the  remaiader  of  the  day  without  any  ; 
tion;  but  on  the  following  njomin}^,  after  about  one  iioui-'^  fi 
by  hoi*8es,  addition  is  made  of  frt>m  ^  to  1  per  cmt   of  r 
fopper  pyrites,  called  magutral.     This  substance  < 
to  10  per  cent,  of  sulphat*?  of  copper,  and  this  ap]iear> 
principle  through  which  it  allectfl  the  neeeawary  chemuuil  ehir 
^^  during  the  subsequent  working  of  the  torta.    Afu*r  this!  ml' 
^■magistral,  the  torta  is  again  trodden  by  horses  which  art? 
^■a  man  who  holds  the  long  halter  by  which  thf   -^-^'^  '*tiac 
^P  stands  at  the  centre  of  the  heap  and  continually  tn  t 

^"      When  the  magistral  and  ore  have  bijen  perlti  .i  v  i.i^  ..»r|)oraU*d, 
quantit}'  of  mercury  la  added  by  being  filtered  thr»jugh  a  ba*;  mii! 

I  of  coarse  canvas,  which  causes  it  to  escape  in  innumerable   —  '* 
jets  over  the  whole  surface  of  the  pile.     A  second  trea* 
norses  now  follows,  atler  which  the  heap  is  t^ur 
shovels,  and  its  original  form  again  restored.     Thi 
iTjg  and  treading  by  horses  is  rej>eated  every  other  J:iy,  n 
whole  of  the  mereurj'  added  is  found  by  an  a^say  to  hav 
taken  up  by  the  silver.     AVhen  this  coinoination  is  found  u>  'ia:^^ 
taken  place,  a  second  quantity  of  quicL^ilver  is  added,  aud  Uie  uat 
operations  again  repeated  until  this  also  has  been  taken  up,  wbdO 
a  third  supply  is  generally  added :  after  the  due  ineorpcinititib  itf 

■  which,  the  ore  is  removed  to  the  washing  biu'ks,  whero  the  ninal^ii 
is  separated  from  the  associated  earthy  matters. 

In  order  to  ascertain  the  state  of  the  operation,  and  wbcB  • 
sufficient  quantity  of  mercury  has  been  added*  thi'  jiTjK.tL'«iiiniTr 
H  from  time  to  time  makes  an  assay  by  washing  a 
^Lthe  mineral  from  the  torta  in  a  wooden  bowl  n 
^B:impurit)03  have  been  removed,  and  the  anuilgnm  n' 

^Hthe  bottom  of  the  vesscL     From  the  ii]^* — 

^Bi^nablcd  to  judge  of  the  progress  of  the 

^Ks  necessary  to  effect  the  decomposition  «>f  ji  p' 

^Hhy  tlic  addition  of  a  little  lime,  or  if,  on  the 

^■rleficieucy  of  this  suhstonce.     If  t!»t3  sur6ii ' 

^Hof  ft  t^ri'vish- white  colour,  and  the  iiiaAS  adiii 

^F>  1  hy  the  pressure  of  the  finger,  it  !- 

^L_  lafcly  progresaing.     When,  on  ti. 

^H^  lu  iiu  extremely  divv^a  «^jqXjc,  v^\  oil  ^  4a.\k  <id^ur«.  ^ 
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brown  apota,  it  iiidicatcB  the  presenee  of  too  large  a  pro- 

ion  of  raagiatnd,  and  the  torta  is  said  to  be  too  hot.     It'  in 

case  the  openitioii  were  allowed  to  proceed  without  any  altera- 

qimntitiea  of  mercury  would  oe  lost,  and  it  is  therefore 

to  iuimediately  add  a  certain  jwrtion  of  lime,  which 

»mpo!iC8  a  part  of  the  Bidphate  and  chloride  of  copper  contained 

heap.     When,  on  the  other  hand,  the  mercury  ia  found  to 

itH  fluidity,  it  ia  considered  as  a  proof  that  the  torta  i»  too 

and  an  additional  quantity  of  magistral  luust  coaHe^juently 

added.     These  assay  a  are  fiTcquentlj  repeated  for  the  purpose 

^regulating   the   quantities  of  ruercury   to   he   employed.     At 

iteeas,  where  the  average  riehnesH  of  the  ore  varies  Irom  SO 

to  85  02.  of  silver  to  the  ton,  the  tirst  addition  of  mercury  to  each 

torta  amoiuits  to  900  lbs, ;  the  eecond  to  3U€  lbs. ;  and  tln^  third 

to  420  lbs. :  making  a  total  of  l,G20  lbs,  of  mercurj'  for  everj*  60 

laineral  treated, 

'luratiou  of  these  operations  varies  very  considerably  in 
nocurdance  with  the  nature  aud  richoess  of  the  ores  treated,  and 
the  more  or  less  skilful  maun^ement  of  the  process,  as  in  some 
eatablishments  the  whuie  el  ah  oration  of  a  torta  ia  in  aunmier  eom- 
g^ted  in  iifteen  days,  whilat  in  others  it  oeeupies  Irom  six  weeks 
H^o  months. 

POxi  winter  the  various  reactions  are  found  to  proceed  less  rapidly, 
and  a  proportionately  longer  time  is  therefore  neeesaary  to  produco 

Kftame  eSecta. 
he  washing-out  vat,  or  lavad^ro^  in  which  the  amalgam  is  sepa- 
d  from  the  various  sterile  matters  with  which  it  is  interniixed, 
consists  of  a  large  vertieul  pug-tub,  sunk  into  tbo  ground,  and  in 
the  centre  of  which  is  a  wooden  Hhaft  furnished  with  several 
agitators  arranged  around  it  at  right  angles.  This  is  set  in  motion 
by  four  mulea,  haniesaed  to  a  strong  horizontal  arm  placed  a  little 
above  the  level  of  the  ground :  the  tub  is  now  iilh^tl  with  water, 
into  which  ta  thrown  the  amalgamated  ore,  and  this  being  con- 
stantly stirred  ahout  by  the  \  ertical  agitator,  allows  the  particles 
of  amalgam  to  fall  ttj  the  bottom,  whilst  the  hghter  earthy  particles 
are  caiTied  ofl'  by  a  email  stream  of  water,  which  constantly  flows 
into  the  apparatais  ovor  the  side  of  the  tub,  through  a  amali  aper- 
ture prepared  for  that  purpose. 

Tlie  amalgam  thus  obtained  is  aftervvnrda  placed  in  a  strong 
leather  bag  with  a  canvas  bottom,  tln-uugh  which  the  mercury 
percolates  in  a  finely  divided  stream,  wbUst  the  pasty  amalgam 
remains  behind.  This  is  subsequently  pressed  in  oi 
firom  a  further  portion  of  the  adliering  mercury, 
moulded  into  wedge- shaped  masses  of  about  301" 
To  eipeJ  the  la^t  tracea  of  qiiicksilvei  tbje«e  ttt^  \% 
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nf  a  furnace  pro\ided  A^nth  an  iron  .  ihc  ceat» 

of  tbe  aole  into  a  receiver  coiitainiiiL  1  b«ii«tttK 

Around  the  upper  apertm-c  of  thia  pip.  ^t***  of 

lire  arranged  in  thi*  form  of  a  dome,  W'  lomards 

by  an  iron  bell,  and  heated  by  a  charcoal  tut-  in  a  way  vcfiy 
to  that  employed  at  Freyberg,  and  in  other  European 
inents.      Tlie  sublimed  mercury  ia  condensed  in   the 
water  placed  beneath   the  furnace,    and  on  the  rni.liri! 
armngemeut  this  ia  removed,  and  the  crude  e^ 

to  be  fused  into  bars.    By  this  Bystom  of  amalgaui ..  ^ 

of  silver  obtained  involved  the  expenditure  of  IS  parts  of 
which  is  lost  during  the  process. 

Lj  this  procesH  the  sulphate  of  copper  of  the  magtatral  aitd  tlv 
common  salt  mutually  decompose  eiieh  other,  and  give  rt*o  tts  ^ 
formation  of  chloride  of   copper  and  sulphate   of 
Tnetallie  silver  present  in  its  turn  decomposes*  thr     '  ' 
per,  and  reduces  it  to  the  stati*  of  8ubchloride» 
-Ipuisformed  into  chloride  of  silver.     The  suI>c1j! 
ill  now  dissolved  in  the  solution  of  chloride  of  s<  -  1 

cm  the  sulphuret  of  silver  with  the  formation  of  s<i 
and  chloride  of  silver.     The  chloride  of  silver  th 
on  the  metallic  mercury,  a  portion  of  which  is  coiiven 
chloride,    whilst   the   remaiuder  combines   with    tht? 
iibenited.     In  this  caae,  as  well  as  in  the  pn^ 
Freybert;,  it  is  of  the  utmost  importance  that  no  IV 
of  copper  shoidd  be  present,  as,  by  givin/^j  up  to  the 
half  of  its  chlorine,  a  considerable  loss  of  that  metal   i 
When  this  occurs,  lime  is  added  for  the  purpose  of  • 
the  excess  of  chloride  of  cop|)er,  by  which  it  is  renduv^ 
find  its  prejudicial  action  on  the  mercury  arrested 

Atio^B  of  silTcr. — On  account  of  its  softrt-- 
cmiployed  in  a  pure  state,  but  is  commonly  sM 

amount  of  copper,  by  which  its  hardness  is  n  nuLtKau  -^™ 

In  this  way  considernble  quantities  of  copper  may  be 
out  materially  diminishing  the  wlnteness  of  the  on::  lw 

aince  a  miiture  of  seven  parts  of  silver  and  one  of  « n     r  4(fl 
retains  a  decided  white  colour,  althoutrh  of  u  '  'uff 

that  exhibited  by  virgin  silver.     In  order  t^i  4 

objects  formed  of  alloyed  silver,  it  is  usu;  i« 

operation  by  which  tlieir  surfecea  are  iv  ^ 

the  presence  of  the  metal   so  combined,      i  »• 

article  to  he  whitened  is  extenially  oxidiwd  ^  -^f 

Br  ufirds  plunii^ed,  wf 

^Bd'  iilrii'  or  nulpliurie  :i 

pf  oopper  formed  \a  vmixi^i^vKwWi'j  xiemm^.  '^^^  ^aAa^pol^  miter  iicjfl 
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treateil,  necessarily  presents  a  matted  surface  from  the  iaola- 
of  the  particles  of  eilvcr ;  hut  this  appearance  is  readily  re- 
ed bv  ruhhiug  with  a  huruiaher. 
e  adver  used  in  the  prepiiratiou  of  coin,  and  for  the  maniifac- 
cif  silyer  plat^,  consists  of  an  alloy  of  silver  and  copper  in 
nt  proportiouB,  fiTfcd  by  the  legittlatiire  of  the  country  in 
b  till'  iniiture  is  worked.  In  this  ouiintn"  the  same  alloy  ia 
loyed  both  for  the  puiposes  of  the  Mint  and  the  uses  of  the 
mith :  it  is  composccf  of  a  niiituro  of  111  parts*  of  silTer 
D  of  copper,  and  is  kuo\ni  by  the  uante  of  standard  silver. 
.^prevent  fraud,  all  silver  vessels  are  required  to  be  stamped  bj 
Oold«mitbs'  Company,  who  are  empowt'red  by  (fovernmcnt  to 
h  all  edversmiths'  wfiops,  iind  aei^^e  all  jirticlefi  which  have  not 
impressed  with  the  Hall  mark  of  the  Company.  For  the 
of  the  articles,  and  the  impression  of  the  Company's  Btatnp 
its  quality  as  standard  silver,  one  shilling  an<l  bixpenee 
on  the  weight  of  the  object  is  charged.  Of  this  amoimt 
er  proportion  is  paid  over  to  the  Goveniment  in  the  form 
tax,  wiiilst  a  small  sum  id  retained  as  a  compensation  for 
trouble  incurred  in  making  the  aaaaj.  In  tmnce,  three 
rent  standards  are  employed.  The  alloy  need  for  the  silver 
iCj  of  the  eountr)'  ib  com]>osed  of  9  parts  of  silver  and  1  of 
r;  for  plate,  a  mbiture  of  9i  parts  of  silver  to  ^  a  part  of 
r  is  employed,  wliilst  for  small  articlea  of  silver  used  for 
ments  an  alloy  of  8  parts  of  sUver  to  2  of  copper  is  *dlovved» 
"ver  golder  cont)ists  of  667  of  silver,  233  of  copper,  and  100 
of  zinc.  Besides  being  used  for  the  manufacture  of  varioia* 
olijects  of  luxury,  silver  is  also  extensively  employed  for  externally 
platinjgj  the  surfaces  of  articles  made  of  less  expensive  metaltj. 
For  this  purpose  it  is  eitlier  applied  to  the  surlacc  of  the  object  in 
the  form  of  an  amalgam  with  merruiT,  which  latter  njetal  \s  afler- 
viarcU  expelled  by  heat,  or  is  deposited  in  the  metallic  form  from 
utioa  by  tlie  agency  of  a  feeble  electric  current. 
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BqniT,  =  98*33,    Dcnatr  =  19-8. 

it_pOfl86esed  of  a  characteristic  rellatr  colour^  and  is 
of  all  the  metals.     One  ginin  of  pure  t^ld  may 


into  a  leaf  having  a  superfi 
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^ .-  _^  square  . 

_  from  thia  measuremeDt,  aad  the  known  specific  ^.. 
metal,  is  falculated  to  have  a  thickoiesa  of  one  tirr»-h\ 
mtmhh  of  an  inch.     The  wire  uaed  by  lace  mak 
I  Mf(itn  of  silver,  prerioufllr  gilded ;  and  on  ca.: 
^  and  drcumference  of  the*  vnre  thus  prepaid  to;;;eUiHr 
•«>e^t  of  gold  originallr  employed,  ita  coating  of  that 
— ^  to  be  at  least  twelve  times*  thinner  than  ordinarr 

, .  .  I  still,  so  perfect  is  the  gilding,  that  a  powerful  mic 

m  dkiect  the  sLichtest  flaw  or  imjieriectiou  on  its  surface. 

■.__  --  extremely  thin  leaves,  gold  ia,  to  a  certain  di 

imd,  on  being  held  between  the  observer  ; 

of  a  beautiful  green  colour.     When  large  qtianttoti 

been  fused,  and  then  slowly  allowed  to  cx>>l^  mto 

modified  on  their  edges  and'  angles  are  fre«3iMirt^ 

Xativo  gold   likewise  affords  numerous  well-dflfioM 

Wiongiug  to  the  cubic  system,  and  of  these  the  grc^ff 

ailected  by  the  faces  of  the  i^^ular  octahedron,  if 


al  a  temperature  estimated  by  Bauiell  at  2016°  Ptif^ 

*till   more  strongly   heated,  affords  sensible  metsllk 

the  charge  of  a  powerful  electric  battery  be  ^ 

ciceedingly  fine  gold  wire,  it  becouie-s  entirv  V 

when  a  sheet  of  white  paper  is  held  beneath  • 

jTi'  ^iaiAarge,  it  becomes  stained  with  a  purple  line  caiyra 

^ni  minutely  divided  metallic  gold.     It^  instead  oft 

v:"  r,  a  plate  of  polished  silver  be  employed,  it  l» 

—  1 1  \y  gilded  line^  which  is  firmly  attached  to  fW 

1  ^ti,'Ouif  of  gold,  when  erposed  between  two  chaiuaJ 

tei^  action  of  a  powerful  voltaic  battery,  enters  alaoft 

t\asv^\^  M\v\  ^^Q!%  q{^  qJhundant  metallic  fuiDM^  hj 
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en  pi^cipltated  from  its  solutioDB,  gold  assumefl  a  dark- 
colour,  but  on  being  nibbed  bj  a  piece  of  polished  steel, 
her  hard  body,  readily  aaaumes  its  ormnary  cdonr  and  me- 
ii^pect.  If  precipitated  gold  in  this  form  be  heated  to 
-hi,  and  when  in  that  state  struck  repeatedly  with  a  bea?y 
11-  r\  its  particles  readily  become  welded  and  united  into  a 
muss  without  their  haviiijsj  undergone  actual  fusion, 
e  gold  used  in  the  maiuil'acture  of  jewellery,  as  well  as  that 
loved  for  being  coined  into  money,  is  invariably  alloyed  by 
e  other  metal,  such  as  copper  or  silver,  and  is  therefore  never 
lutely  pure.  To  obtain  a  button  of  pure  gold  from  these 
tures,  a  few  firagmenta  of  old  jewellery  may  be  dissolved  in 
ua  regia,  and  the  solution  gently  evaporat<>d  to  diyneaa  for  the 
se  of  expelling  any  excess  of  acid.  The  residue  is  now 
with  hot  water,  by  which  it  is  dii*8olvcd,  with  the  eicention 
any  chloride  of  silver  which  may  be  present.  The  chloriae  of 
T  is  then  sepamted  by  filtration,  and  an  excess  of  protosul- 
Imrpt  of  iron  in  solution  added  to  the  iiltmte,  which  ia  placed  in 
',  warm  place,  and  allowed  to  stand  for  several  hours.  A  reaction 
I  thus  etIV'cted,  by  which  metallic  gold  ia  deposited,  wliildt  the 
Woriae  with  which  it  was  originally  combined  utiitea  with  a  por- 
aon  of  the  iron  of  the  protosulphate,  which  ia  thereby  converted 
ato  persulphate,  whilst  perchloride  of  iron  is  at  the  same  time 
[iriiied.  The  precipitate  thus  obtained,  alter  being  digested  for 
Otue  time  in  weak  hydrochloric  acid,  jind  well  washed  in  distilled 
ater.  is  miied  with  a  small  quantity  of  borax  and  nitre,  and 
ly  fused  in  an  earthen  crucible  strongly  heated  in  an  asaay 
ace,  On  breaking  the  pot  after  it  has  been  allowed  to  cool, 
"will,  if  the  experiment  has  been  carefully  conducted,  be  found 
contain  a  button  of  i)ure  gold.  Pure  gold  may  be  indefinitely 
eitposed  to  the  action  of  air  and  moisture  without  becoming  in  the 
leitst  degree  taniishcd,  nor  is  it  oxidised  by  being  kept  in  a  state 
of  fiLsion  in  open  vcbHela.  Neither  aidpburic,  hydrochloric,  nor 
nitric  acidw  attack  gold,  even  when  in  a  finely  divided  state ;  but 
by  aqua  regia  it  is  readdy  attacked,  and  dissolved  in  the  form 
oi  chloride.  Gold  may  also  be  dissolved  by  hydrochloric  acid, 
to  which  has  been  adiled  Moine  substance  capable  of  liberating 
chlorine  with  fkeility :  among  these  may  be  mentioned  cluxinuc 
acid  and  peroxide  of  manganese. 

Bromine,  even  in  the  cold,  rapidly  attacks  this  metal,  although 
by  iodine  it  i^  but  sparingly  actea  on,  even  by  the  aid  of  heat. 

Gold  is  not  directly  aitack**d  by  sulphur  at  any  temppnitur*  , 
but  when  fused  with  the  alkalini*  sulphun^s,  in  rapidly  mi*  i  '  - 
with  the  fonnation  of  a  d/juble  pulphuret,  in  which  the  sulptn.f   t 
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*^  t^ld  twis  the  part  of  au  acid.     Gold  is  UiUHj  «« 
tlir-  .viutntie  tdkali04,  aa  weU  ad  by  their  carboiiaU^  md 
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ITiis  metal  is  found  eiclmiivelj  in  the  native  state,  but  >»  mwi 
pure»  and  commoidy  contaiiis  a  certain  portion  of  silirer,  Aod 
iinfrequentlv  copper  and  iron. 

Native  gold  geiieridly  presents  the  characteristic  jijllcnr 
peculiar  to  thi«  body  when  in  a  state  of  purity,  bat  its 
surfiioes  fretiueutly  require  to  be  rubbed  with  some  hard  si 
before  they  assume  the  ordinan  appearance  of  man. 
(Bold.  Tlie  hardness  of  gold  is  less  than  that  of  iron,  c 
mirer,  but  greater  than  that  of  either  lead  or  tm.  Wh<*n 
hy  repeated  bendings,  it  presents  a  matted  Bilk-like  siru* 
wtikski  is  more  or  leds  fine  in  acconlauce  with  the  purity  of 
ipecimGiL  Native  gold  occurs  crystallised,  in  branches,  ia 
meDta  and  plates,  traversiug  the  fissures  of  different  kinds  of 
in  disaeminated  grains,  aiid  in  prpita^  mixed  ^Srith,,  and  fornii 
pot  of,  Tsrious  alluvial  deposits.  In  the  latter  form  by  lar 
|Kkrtion  of  this  metal  is  procured ;  but  as  tbe^  saatU 
Wrs  the  product  of  the  destruction  of  aitrifercms  rvtcki. 
aKal  vkich  they  coutain  must  be  regarded  as  tlie  debris  result 
die  disintegration  of  the  niatrii  in  which  it  was  originl 
^td.  Crj^stalluAe  specimens  are  Ukemse  numerous,  the 
in  all  cases  the  primitive  form.  Crjetalrj  eelrlom  oo 
but  are  more  Irequcntly  grouped  trOgetber  in  the  fo 
branches.  Their  faces  are  gencraliy  dull,  and  in 
slightly  rounded,  eveu  in  specimens  directly  e^tj 
iW  xtin^  and  which,  cou3e<|Uent]y,  cannot  have  been  e3:p< 


Vk»  IbmJ)  branches  of  gold  which  frequently  occtir  in  MunSa 
tt^en  closely  examined   appear  to  consist  of  a  seri^ 
4Ktikbcdrons,  implanted  the  one  on  the  other,  8o  as  to 
f  Atin. 

X'^Mtt  and  fragments  found  ia  alluvial  depoaita  raiy 
viic,  but  are  generally  xery  small, 
'^o  size  of  a  pea  ana  upwards^  they  recwTe  the  i 
in  some  localities  pieces  of  the  aize  of  a  nnk  i 
L  oteurrence. 

remarkable  masaes  of  gold  which  hare 
^  I  be  following: — 
IAJS8  found  in  the  United  States  was 
"^'^rtl;  Carolina,  and  wci*;hed  't?  ^^- 
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y,  masses  of  gold  varying  from  1  to  50  lbs.  in  weight  were 
ars  since  obtained  at  the  foot  of  one  of  the  highest  moun- 
^ariouB  lumps  varying  from  16  to  17  lbs.,  and  one  weighing 
have  been  found  in  the  Und  district ;  and  in  the  valley 
i-Targanka  a  fragment  was  detached  in  1842  which  weighed 
arly  100  lbs.  This  specimen  has  been  deposited  in  the 
1  of  Mining  Engineers  at  St.  Petersburg. 

very  fine  specimens  of  native  gold  have  likewise  been 
I  from  various  parts  of  Califomia ;  and  a  large  mass,  weigh- 
rly  one  hundred  weight,  has  recently  been  procured  from 
:liurat  diggings,  in  the  vicinity  of  Sydney,   jN'ew  South 

omposition  of  various  specimens  of  gold,  as  obtained  fix)m 
b  localities,  is  given  in  the  following  table : — 


nentere. 

Locality. 

Gold. 

Silver. 

Copper. 

Iron. 

fFrom  the  auriferous^ 

sands  of  Schabrow-  > 

98-76 

0-16 

0-35 

0-05 

.ki    ...     .3 

From  the   sands  of  *) 

1      Petropawlowsk 
J      near  Bogoslowsk   .) 
1  From   the  mines  of  t 
Beresof  .     .     .     .j 

86-81 

13-19 

0-30 

0-24 

93-78 

6-94 

0-08 

— 

From  Alexander  An-  ^ 
drejewsk  nr.  Miask  j 

87-40 

12-07 

0-09 

— 

From  the    mine    of " 
Sinarowski,  Altari  , 

60-08 

38-38 

0-33 

— 

1 

fTrom    the    mine  of ") 
1      Santa-Bosa  .    .     .j 

64-93 

85-07 

— 

— 

igault   . 

-^  From  Transylvania 

64-52 

35-48 

— 

— 

1  Gold  from  Ojas-Anchas 
L        „        Eio-Sucio     . 

84-50 

15-50 

— 

— 

87-94 

12-06 

— 



„        Baja    .     .     . 

8815 

11-85 

— 

— 

f         „        Senegal    .     . 
^     •      '11         „        Brazil      .     . 

86-97 

10-53 

— 

— 

9400 

5-85 

— 

— 

le  Gongo  Soco  mines  in  Brazil,  an  alloy  of  gold  and  palla- 
f  a  pale  yellow  colour  is  sometimes  found ;  and  in  some 
f  Columbia  a  somewhat  similar  mixture  is  procured  in 
he  palladium  is  replaced  by  rhodium.  The  greater  portion 
gold  of  commerce  is  obtamed  from  Asiatic  Bussia,  Brazil, 
Transylvania,  the  East  Indies,  and  Carolijia  and  Califomia 
United  States  of  America.  The  annual  supply  procured 
ese  several  sources  is  estimated  at  about  80,000  lbs.,  having 
of  about  five  millions  sterling.    This  amount  will,  in  all 
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probability,  be  considerablv  increased  hy  the  more  recent 
tof  eitcDsive  aurifeitms  depoisita  iu  Australia. 

The  L'hief  soiirws  of  this  valuable  metal  are  the  dep<Mit» 
and  piravel  produced  by  the  disintegration  of  ailieeoBA,  g 
and  other  igneous  and  inetamoqihic  rock«,  wliich  have  been 

Sorted  by  the  agency  of  water  from  districts  in  which 
issemiimted.     In  addition  to  the  supply  aiibrded  by  the 
of  these  sanda,    a  certain   quantity,  amounting  to  ab<>ut 
sixth  of  the  total  annual  production,  is  obtaijied  ft>om  mia< 
which  it  occurs  in  the  form  of  minute  spanglcH,  di«<s4*nii 
a  matrix  of  quartz  found  m  the  form  of  vein*  in  sel  •  - 
In  these  cases  the  quartz  is  generally  more  or  le- 
almost  invariably  stained  of  a  brown  maty  colour  tV 
sence  of  peroxide  of  iron.    The  working  of  such  t* 
ever,  seldom  been  attended  with  such  satisfactory  n- 
been  obtained  from  allu>'iid  washings, — aa  the  labour 
is  not  only  considerably  greater,  but,  from  the  differei 
existing  between  the  particles  of  gold  and  those  of  > 
rock,  these  sands  are  continually  becoming  enriched  by  1 1 1 
of  water  dowiug  cootinually  over  them,     in  Brazil,  the 
Gougo  Soco   and  some   others  bave  been,  however,  e*' 
worked  on  veina ;  but,  from  the  heavy  expenses  entHil*' 
metljod  of  exploration,  and  from  the  circumstance  tbii 
obtained  is  but  little  richer  than  the  alluvial  aands^ 
takings  arc  seldom  extensively  conducted. 

TIjc  gold  mines  of  Russia  and  Siberia  extend  first  on  the^ 
flank  of  the  l^ral,  in  a  belt  extending  through  five  or  six 
of  latitude  to  the  north  and  south  of  the  toiMi  of  Ekathamt* 
There  is  likewiisc  a  second  deposit  of  a  Bimilar  nature  in 
govemmenta  of  Tomsk  and   Teneaeik,  where   low  hill*  cxkodl 
northward  from  the  great  chain  of   the    AJtai  mouatai]i», 
cover  a  space  of  many  thousand  square  miles. 

The  most  celebrated  mines  of  the  fir^t-named  diatrict  tirr 
of  Berczovsk,  which  yielded  during  the  century  pf 
year  1841  about  24,500  lbs.  of  gold,  which  was  eii 
something  less  than  a  million  of  tons  of  auriforoua  miutrr»i. 
matrix   usimlly  consists  of  eoarae  silicetnis  sanely  but  numrrnnri 
veina   containing   auriferous   quartz   aro    olso   - 
These  veina  are  worked  by  vertical  shall*,  fron 
are  extende<l  in  the  direction  of  the  run  of  the  i*- 
however,   the  only  in!«tance  winch  oecuro  in  th 
territory  where  subterniuean   workingH   are   n- 
r\trM-ifon   of  gold.     The  annual   -I'ln^K    "f  •- 

and    her  do)K*ndencie»  ia  * 
^,^.^i.i.^  and  ia  valued  at  two  and  a  haii  u^uivim  s«i:jblii 


importance  to  the  mines  of  the  foregoing  di»* 
Brazil,  which  :ire  mostly  situated  at  the  foot  of 
itaia  chALU  nuinijjg  parallel  to  the  coa^t  firom  the 
trtieth  degi-ee  of  South  latitude.  It  aL*o  occurs  in 
16  quantitiea  in  the  beds  of  the  streams  forming  the 
©of  the  FraiiL-e*co,  Tocar*tins»,  Arag\my,and  Guapore, 
tieulariy  in  the  tirst.  The  ro<'k  Lii  these  localitiea 
[imitive  granite  inclining  to  gneiss,  and  the  isoil, 
eing  highly  ferrnginouSj  ia  of  a  red  colour,  oft^^n  ex- 
f&t  depth.  The  gold  is  ehi etly  found  in  a  bed  of 
wmdecl  pebble*,  called  caseatho,  immediately  in  con- 
Biirfaee  o\'  the  solid  rock. 

water  is  f(jund  in  the  valleys,  large  excaviitions  are 
iarpo8e  of  wa»hing  these  deposits ;  and  by  conducting 
he  declivities  of  many  uf  the  hills,  gold  i»  frequently 

a  short  distance  only  beneath  the  roots  of  the  graae, 
recent  washings  are  e8tid)liBhed  in  the  vicinity  of 
ar  the  village  of  Cocuew,  whei-e  the  gold  occurs  either 
the  fiiinds  of  the  rivers,  or  in  the  alluvial  deposita 
■s  between  elevated  hills.  Gold  is  jdt*o  priH.*ured  in 
of  Minas  Geraes,  where  it  is  extracted  both  by  aub- 
avations  and  by  the  washiog  of  alluvial  deposits, 
'st  quantity  of  gold  found  in  these  localities  wa» 
fcen  the  years  1753  and  1763,  since  which  time  the 
je  ha.8  been  continually  on  the  decrease.     Between 

the  yearly  product  amounted  to  16,000  lbs.,  but 
'ears  1801  and  ISliO  was  reduced  to  3,540  Iba,  only, 
pwise  found  in  many  other  parts  of  South  ^mericfti 
lexico  and  some  other  districts  is  constantly  aaso- 
lilver.  The  only  auriferous  veins  worked  iJi  that 
dd  mines,  are  in  Oaiaco,  where  they  traverse  fonna- 
*  and  mica-slate. 

tbtained  from  Africa  is  principally  found  between 
Ibysaiuia^  as  also  to  the  south  of  the  great  desert 
th  of  the  river  Senegal  to  the  Cape  of  Palms :  a 
it  is  also  collected  on  the  Mozambique  coast,  between 
knd  25"  South.  Gold  is  likewise  obtained  from  the 
Niger,  the  Ganibiaj  and  the  Senegal,  06  well  as  from 
near  the  equator,  from  which  large  quantities  of  t Ids 
anally  ejport^^-d.  The  total  yearly  supply  from  this 
estimated  at  5000lbB.  avoirdupois,  worth  about 
^ling. 

itained  from  Europe,  with  the  exception  of  Europeau 
small  in  quantity  to  materially  adect  its  oom 
io8t  important  of  tbeee  deposits  are  in  Tra  , 
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although  the  Bands  of  the  Moldau  and  other  Bohemm  men 
contain  a  certain  quantity  of  this  metal-    The  annual  fuppl/ ' 
Huii^arv,  accordini^  to  ViDefosse,  amount^s  t-o  2,810  lbs. 
worth  £l7G,0m)  sterliDg.   The  vaile)'  of  the  Ehine,  betweai 
and  Mannheim,  is  also  known  to  be  auriferous ;  and, 
M,  Dauhree,  a  Freuth  engineer,  some  of  the  richeat 
admit  of  being  profitahlj  treated. 

The   Spanish  mines,  which  were  anciently  rich  and  v^' 
carried  on,  are  now  neglected,  as  are  also  those  of  the  T^m. 
Hhone,  and  the  Danube.     The  British  islands  also  fam^ 
time  to  time  amall  quantities  of  gold,  although  f^eldom  in 
amount  to  be  equivalent  to  the  coat  of  extraction.    Tin." 
localitiefl  in  which  gold  baa  been  found  in  Great  Britain 
Ireland  and  South  Wales^  although  specimens  are  oca  ' 
obtained  from  the  ConuRh  stream-works,  and  from  the  ili- 
Lead-hills  in  Scothind,  where,  in  the  time  of  Elizabeth,  eiurnuw 
waahinge  were  carried  on  for  its  extraction.     Gold  likewise 
at  Cumherhead  in  Lanarkshire,  and  Glen  Turret  in  Pi?i 
The  quantities  obtained  from  the  above  localities  arc,  ho 
extremely  small ;  and,  n<  ttwitbstanding  that  snnall  accum  ' 
and  occasional  lumps  have  sometimes  been  discovered*  nu 
inga  of  a  regular  kind,  and  on  an  extensive  scale,  hate  been 
tempted,  excepting  in  Ireland. 

In  that  country  a  considerable  quantity  of  native  gold 
dentalij  discovered  towards  the  close  of  the  last  oenturff 
geminated  in  the  b(*d»  of  the  streams  which  flow  from  thenui 
tiank  of  Croghan  Kinshela,  on  the  confines  of  AVicklow  and 
fordj  and  in  the  immediate  vicinitv  of  the  junction  of  the 
and  clay-slate.  This  gold  was  tound  in  massive  lumps, 
wliich  weighed  nine,  another  eighteen,  and  a  third  twen 
ounces.  Soon  after  the  discovery  of  this  gold,  its  eitractioii 
undertaken  by  the  Government,  under  the  management  of  Mt 
Weaver,  and  some  other  gentlemen.  These  workings  were  Cl't^ 
tinned  during  about  two  years,  and  in  this  time  945  oun<*e«i  of 
gold  were  obtained,  which  was  sold  for  £3075,  but  the  co*t  iif 
production  exceeding  the  return,  the  Government  works 
suspended,  and  have  not  since  been  resumed.  Before,  how«rpfr 
the  district  was  taken  possession  of  by  the  Government,  a  tjuantitt 
of  gold  of  the  value  of  at  least  £10,<XK)  is  said  tu  have  been  cot 
leeted  by  the  country-people  living  in  the  vicinity  of  the  flepo«t 

In  addition  to  the  supply  of  gold  obtained  from   '  '  ^( 

Siberia,  Asia  has  also  contributed  considemble  qn.Mn  tKi* 

metal  from  the  rivers  of  Syria  and  other  ports  of  Asia  Aluiofi  i* 
well  as  Itoiu  the  peninsular  of  Hindostou,  and  variouB  iaUmb  ift 
tbe  lnd.\Aft  Oc^avt. 
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The  gold  mines  of  the  United  States  of  Amorica  nvc  chiefly 
tuated  along  the  eastern  slope  of  the  Appalachian  Chain,  from 
to  .AJabama,  irom  whence  the  deposit,  althougli  chielly  cou- 
1  the  States  of  Virginia,  North  and  South  Carolipa,  and 
iiL,  e^tenda  into  Cauada.  Among  the  principal  gold  mines 
nnia,  may  be  mcotioned  those  of  Spotsylvaoia  on  the  Rap- 
Miek,  the  United  States  Mine:*,  and  tnoae  in  Staflbrd  Coynty  ; 
ilpeppcr  mines  on  Eapidim  river,  in  Orange  (.bounty,  in 
^ind  County,  in  Louisa  County,  and  Eldridge'a  mine  in 
i-^ham  County.  In  North  CaroUua  the  gold  re^^ioii  h  chiefly 
d  to  the  three  ranges  of  counties  between  Fretleriek  and 
»ite,  running  in  a  Ibie  nearly  pandlel  mth  the  coast.  The 
fJrtcckleuburgh  mines  are  principally  worked  on  veins,  whilst  those 
■of  Borke,  Liocoln^  and  Butherford,  ore  worked  on  alluvial  depo- 
sits. The  principal  gold  distriets  in  South  Carolina  are  the 
Catawba  and  Lynches  CYeek  regionn,  chiefly  in  Lancaater  and  in 
Pieken'a  County,  adjoining  the  State  of  Georgia.  The  moat 
?emarkable  mines  in  Georgia  are  those  of  Shelton  in  Habersham 
County,  but  some  recent  operations  have  been  alao  commenced  in 
f""        kee,  Hall  aud  Kabun  Counties. 

gold  district  of  California,  as  far  aa  at  present  known, 
occupies  the  northern  part  of  New  Caiifomia,  commencing  near 
the  mouth  of  the  Sacramento  river,  in  hit.  39°  North,  and  long. 
122}  West,  about  100  miles  to  the  north-eaj^t  of  the  bay  and  town 
of  San  Francisco,  The  jilluviai  deposits  in  which  the  gold  18 
found  consists  of  sand  apparently  produced  by  the  disintegration 
of  quart^ize  giiniite,  and  porpliyroid  roeksj  but  of  the  geological 
structure  of  the  country  little  is  yet  accurately  known,  Coh 
Fremont  describes  the  valley  of  the  Sacramento  as  taking  its 
origin  iu  several  parts  of  tfie  Siemi  Nevada,  and  in  the  transverse 
range  proceeding  from  the  coast  at  Cape  Mendocino.  Several  of 
ihetie  alllucnts,  aud  particularly  that  called  the  Rio  de  loa  Anieri- 
caues,  which  falls  into  the  main  river  in  the  vicinity  of  San 
Francisco,  have  been  found  particularly  productive.  At  a  distance 
of  about  twenty-five  miles  up  this  stream  are  situated  the  Mormon 
Diggings,  or  Lower  iSIines,  where  successful  and  very  extensive 
waehings  are  being  carried  on.  Fivo-and-twenty  miles  north  of 
the  Kio  de  los  Americaiies,  the  streaui  called  Rio  de  los  Plumas 
iallfl  into  the  SiuTanjeuto>  aud  here  also  are  established  diggings 
at  which  ver)*  large  profits  have  been  realised.  Besides  these 
lucttlities,  the  whole  of  the  affluents  of  the  Sacramento  have 
atibnled  gold  wherever  they  have  been  explored,  and  the  whole  of 
the  country  from  the  Ajuba  to  the  San  Joaquin  rivers,  a  distauco 
oflSOwHea,  ami  from  tin*  b^use  towards  i\w.  avimml  <o.^  \>5Nfe  \ao\i3ar 
tains  aaJhr  tia  Snow  Hilly  have  beeu  proved  V>  \>vi  tkUt\l«tvs%M^. 
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moflt  etaHy  and  readily  performed,  and  consequently  by  far 
grf5afccr  proportion  of  the  streams  wbirb  are  known  to  bo  auri- 
are  wrought  in  some  part  of  their  courses.  The  aiirifcroua 
which  traverse  some  of  the  mountain  districts,  although 
ionaUy  affording  much  krger  quantities  of  the  preeious  metal, 
the  expenditure  of  a  greater  auiount  of  both  labour  and 
,  and,  therefore,  much  fewer  mines  of  this  description  are 
rtaken.  When  worked,  however,  these  veins  are  not  often 
d  bare  by  subterranean  excavations,  but  are  explored  by  open 
tttttings  made  by  clearing  away  the  soil  directly  from  the  surface. 
The  washings  of  this  kind  in  the  vieinitj-  of  St.  John  del  Rev 
ere  formerly  very  rich,  but  have  recently  diminished  very  conm- 
lerably  in  imjiortance.  The  principal  diggings  in  this  loeality  is 
now  situated  on  the  eastern  side  of  the  hill,  in  immediate  pn>xi- 
Inity  to  the  town,  and  consists  of  an  open  area,  of  wliich  three  sidea 
VKve  been  excavated  in  the  solid  rock,  whilst  the  fourth,  which 
bont«  the  west,  is  left  open.  The  rock  liere  consists  of  a  soft 
•aodstune,  or  Indurated  clay,  mixed  with  mica,  and  is  wroufjjht  by 
the  aid  of  numerous  streams  of  water  divided  into  small  rivulets, 
And  c*>nducted  down  its  sloping  sides.  In  working  the  mine 
the  loosened  soil  is  thrown  into  these  channels,  and  kept  in 
ftUflpCDHion  by  constant  agitation,  until  it  reaches  a  well  sunk  at 
the  bottom  uf  the  excavatiun,  and  where  the  heavier  and  auH- 
ferons  particles  are  carried  by  the  current,  Thia  pit  is  occiision* 
ally  emptied,  and  its  contents  again  subjected  to  a  second  series  of 
wiishinga,  by  which  the  particles  of  gold  are  finally  obtained  in  a 
pure  state.  By  this  way  of  mining,  large  masses  of  gold  or 
eatt/eira&4  are  occasionally  met  with,  but  in  most  instances  the 
chief  supply  is  derived  from  the  smaller  particles  obtained  by  the 
repeut4*a  washings  of  the  sands  collected  in  reservoirs  situated  at 
the  bottom  of  the  excavations, 

In  the  district  of  Lower  Parahybuna,  large  quantities  of  auri* 
ferous  sand  are  annually  dredged  "from  the  bottom  of  the  river  by 
jmeans  o^  windlasses  and  iron  scoops.  The  sands  thus  obtained 
are  transported  in  canoes  cut  out  of  a  solid  log  of  wood,  and 
externally  formed  like  a  butcher's  tray,  whilst  they  internally 
represent  a  three-aided  prism,  of  which  one  of  the  acute  edges 
forms  the  line  of  the  bottom.  To  each  of  these  canoes  is  allottt'd 
a  gfttig  of  four  blacks,  three  of  whom  superintend  the  boat  and 
dredi:r\  whilst  the  fourth  is  on  the  platform  ready  to  receive  the 
sail  t  up  by  the  iron  scoop.     Each  of  these  boats  will 

»oii  ►llect  three  quarters  of  an  ounce  of  gold  in  the  courso 

of  a  day,  but  the  guantity  obtained  ia  exlremeW  %\\\\AV  \w  T^^^s^'t- 
iion  to  the  nmount  ofsatid  which  has  to  \)e  N^^aW^.    Vtx  ^^aft  Tvtv^ 
\ourhood  of  Villa  liica,  once  remarkaUo  Cot  VU  Tve\fl^»i^%  Ssv  <5w» 
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metal,  but  at  present  comparatively  impoverisliecl.  ratioiia 
of  eitrm'tiou  are  adopt^a;    not  only  the   auriferous 
subjected  to  carefol  washing,  but  numerous  drafts  and  It  r  ' 
been  extended  into  the  softer  parts  of  the  mountain.     B 
excavation 8  and  the  river  washing  are  entirely   conduct 
negroes,  of  whom  numbers  are  always  to  be  seen  thus  emploi 
the  Oiro  Prt^to   and  Do  Carmo.     These  gold-wasl>er«  aiv 
dressed  in  a  leathern  jacket,  and  are  furnished  with  a  lan?e  wi 
bowl,  of  al^ovit  two  feet  in  diameter,  and  one  foot  in  depth, 
have  a  leathern  bag  tied  before  them  for  the  reception  of  thfl 
tides  of  ffold  dust  which  they  may  collect.     The  localitieii 
chosen  for  these  washings  are  those  parts  of  the   river  w 
current  is  not  rapid,  and  where  it  makes  nnmeroua  bendi, 
forms  deep  holes.     The  large  stones  and  upper  layers  uf  sarii! 
iirst  removed,  and  the  bowl  is  then  filled  with   the  dv 
older  gravel  of  the  river,  which  is  shaken  and  washed,  _:. 
stones  and  sand  on  the  top  scraped  off,  until  tbc  grainct  of  gfM 
alone  remain  at  the  bottom  of  the  vessel.     This  residue  10 
moistened  bv  a  little  water  thrown  on  by  the  hand,  and 
into  the  leatliem  bag  before  described.     Instead  of  opctntti 
this  way,  the  auriferous  sands  are  sometimes  wiisbcfi  to 
shallow  troughs,  the  bottoms  of  which  are  covered  with 
tanned  Tiith  the  hair  on,  and  of  which  the  hairy  sido  is  p]Mwi 
upwards.      Instead  of  employing  skins  for  this  purpoD* 
hub.e  is  sometimes  used;   but  in  either  case  the  mc»rca?i. 
is   at  short  intervals  removed  firom  the  case,  and   beatia  lil: 
a  tank  containing  about  two  feet  of  water,  and  aftenfrmnla  wii*M 
in  it  until  all  the  adhering  gold  is  disentangled,  after  wbidi  lief 
are  again  replaced  in  the  troughs.     To  prevent  theft,  thtat  tanb 
are  carefidly  locked  up  during  the  night»  and   when  thrr  hafm 
become  full  their  contents  are  cautiously  washed  in  htno^boif^ 
until  nothing  but  the  gold  remainB,  miied  with  ft  gre«lvr  or  Imi 
amoimt  of  peroxide  of  iron. 

The  residue,  whilst  in  a  damp  state,  is  now  intimatt^Ir  mTi<sd  witli 


A  small  quantity  of  metallic  mercury,  which  takes 
of  gold,  and  leaves  the  oxide  of  iron  in  au  uncoml 
pasty  amalgam,  after  being  separated  from  the  oiid,  . 
carefidly  folded  in  a  clo»ely-wove  cloth,  and  «Tung 
one-halt  of  the  quicksilver  originally  added  has  becm  »* 
free  state.     Wbat  remains  ia  afterwards  put  into  &  1 1 
diah.  and  covered  by  a  few  green  leaves,  and  then  j 
charcoal    fire,  where  it  is  atiired  with  fto  iron  rod. 
leaves  have  become  tsvw^  -^tts*^^,  ^C!cue?t  vm  tc\^ 
cession  of  freaYi  oi\es,  vc^tV  "itcia  'Ccvfi«fc<»  ^^.XJsjfc  ^aaa* 
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of  a  dirty  brown  colour,  and  still  containing  a  certain  propor- 
of  mercury,  rtvmains  at  the  bottom  of  the  dish, 
the  Ural  districts,  the  ayril'erous  sands  are  thrown  into 
of  which  the  bottoms  are  composed  of  thin  sheet-iron 
lerced  with  nuiteroua  holes :  these  are  placed  immediately  under 
fall  of  water,  and  the  niincnd  kept  constantly  agitated  by  a 
orkman,  who  stira  it  with  a  shovel.  By  this  treatment,  the 
er  particles  are  carried  through  the  apertures  in  the  bottom  of 
e  boies,  and  fall  on  a  aenea  ot  sloping  tablea  covered  with  baize, 
these  tables  the  workmen  conatiiutly  bruah  the  mineral,  towards 
'  sfA  of  the  arrangement,  with  a  small  heath-broom,  where  the 
cles  of  gold,  tofiether  with  the  other  heavy  subatance* 
nt,  are  deposited.  The  sand,  after  having  been  thus  con- 
centrated and  separated  from  the  lighter  impurities,  ia  further 
enriched  by  being  a  second  timo  washed  on  sloping  tables  ot 
■mailer  dimensions.  The  titaniferous  iron,  together  with  the 
magnetic  oxide  of  that  metal  which  is  invariably  present  in  these 
sands,  is  now  separated  by  the  aid  of  a  powerful  niagnetic  bar,  imd 
the  residue  subsequently  fused  in  a  graphite  crucible.  From  its 
greater  density,  the  liquid  gold  collects  at  the  bottom,  whilst  its 
eiirface  is  covered  by  a  more  or  less  fluid  slag,  which  retainn 
numerous  globules  of  metallic  gold.  This  scoria  is  aften^'ardu 
stamped  and  washed,  and  the  rich  slimes  thus  obtained  are  after* 
wards  fu«t?d  in  a  cupola  with  lead  ores,  by  m  liich  an  auriferous  lead 
■■^tained,  which  is  subsequently  treated  by  cupellation. 
^^Khe  mining  operations  hitherto  carried  on  in  Caliibmia  Imve 
Hmi  mostly  conducted  on  a  very  rude  soule ;  but  the.  various  asso- 
ciations which  have  recently  been  formed  for  the  exploration  of 
theeo  districts  will  doubtless  be  provided  with  all  the  tools  and 
«pf»ratua  employed  in  the  best  appointed  establish  men  ts.  The 
Teasels  at  first  made  use  of  for  the  purpose  of  washing  were  either 
tin  pans  or  dosely-wove  Indian  baskets,  although  a  rude  machine, 
known  by  the  name  of  a  cradle^  was  also  extensively  used.  This 
consists  of  a  trough,  six  or  eight  feet  in  length,  with  a  rounded 
bottom,  across  which  two  pieces  of  wood,  sen  in g  as  rockers,  are 
naiied.  At  the  head  of  this  arrangenient  is  placed  a  coarse  grate, 
on  which  the  sand  to  be  washed  is  charged,  and  thereby  separated 
from  the  coarser  particles,  which  are  retained  on  the  mcHhes.  To 
work  this  machine  four  men  are  required :  one  breaks  the  ground 
And  colleet«  the  auriferous  sand,  another  carries  it  to  the  washing 
place  and  deposits  it  on  the  grating,  a  third  violently  rocks  the 
trough,  whilst  the  fourth  attends  to  the  supply  of  wTiter,  and  the 
regular  washing  of  the  ore.  The  coarser  gravel  and  lar^<e  %tow*i^ 
are pivrented  from  entering  the  tTOUg\\  by  l\ve  ^w)X\i\^^V>2ofcV««>^v 
eaHhjr  mattera  are  washed  off  by  tbe  curreiiX  oi  ^aX«t  ^wa^Si^s^ 
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ESTIMATION  OF  GOLD — ASS  AT  OF  AURIFEHOUft  OBIS. 


EBtliaiitioii. — For  andytical  purposeSf  gold  is  inTanAblf 
mated  in  the  metallic  state,  in  which  fomi  it  is  freqr:     *^    ' 
pititted  from  its  aoliitioixH  by  the  addition  of  sulphatt 
of  iron.     In  order  that  this  operation  should  succe^,   it  m, 
ever,  important  that  the  liquor  be  acidulated  by  hydrocbJoric 
pre\'ioiia  to  the  addition  of  the  salt  of  iron^  as  hj  this  me«]iil 
pcroiide  of  that  metal  formed,  and  which  would  otherwi^<»  be 
cipitated,  is  held  in  solution.     The  presence  of  nit  Jiw 

venta  the  accurate  estimation  of  this  metal,  and  eoD 
ever  that  body  is  present  in  the  solution,  it  muMt  be  e^ 
nearly  to  <lrync8s,  with  the  addition  of  hydrocblonc  acid,  ht 
sulphate  of  iron  is  added.     Tlie  metal  thus  nrecipi 
on  a  filter,  and  heated  to  redness  In  a  porcelain  cru 
being  weighed.     The  separation  of  gold  fr^jm  the  other 
sometimes  founded  on  its  injaolubilitv  in  nitric  acid,  and  al 
on  its  property  of  being  precipitated  from  its  Aolutioua  bj  otllil 
acid  and  sulpliate  of  iron. 

When  sulphuret  of  gold,  precipitated  by  a  current  of  hj^dio* 
sulphuric  acid,  is  heated  to  redness,  the  sulphur  ia  expelled,  tmk 
pure  metallic  gold  remains  in  the  crucible, 

A8M17  of  Aurlferoun  Urea. — ^MineralscontaininG:gald  mrPAMSjrd 
in  precisely  the  same  way  as  the  corresponding  ores  of  ailrer,  bui  11 
these  bodies  are  usually  very  poor,  it  becomes  necessary  to  ap«nie 
on  a  larger  quantity  of  the  substance  to  be  eiauiined.  Whn 
these  compounds  contain  oxide  of  lead  they  may  be  com 
fused  with  a  proper  quantity  of  black  flux :  if,  instead  of  < 
oxide  of  lead,  they  consist  of  other  oxidised  bodies,  but  are 
from  this  metal,  the  aasay  may  be  advantageously  eon  ducted  by  tW 
addition  of  a  mixture  of  litharge  and  black  flux  ;  \\  't^vcoor 

posed  of  siliceous  and  earthy  matters  mixed  w\il\  .idisalile 

substances,  as  mispickel,  or  iron  or  copper  pyntes,  thrir  fadsm. 
may  be  effected  by  the  use  of  litharge  only ;  and  lastly,  whiij  the«i 
substances  so  preponderate  as  to  yield  too  largr  a  butt<in  of  lead 
for  convenient  cupellation,  a  mixture  of  litharge  and  niln-  ni;iv 
used  with  advantage.  It  is,  however^  necfssar)*  to  rei 
when  any  of  these  compounds  contain  sulphur,  it  is  of  i... 
importance  that  the  whole  of  it  sliould  be  entirely  remoyed  doficf 
the  process  of  assaying,  as  otherwise,  and  part' "'ir»-l»'  1' 
of  alkaline  sul^yhurets,  a  large  quantity  ol  t: 
into  coinVvnaUon.  'w\\>\  N\\<i  A^^^  m  "^'xA  ,, 

Beparated  trom  t\\eT\\evlVkCT\>^*  V\A^\  v.;   >     -  v.  v^ 
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d  are  extrac-tttl  by 

%  the  opt'ratiim  U 

%.  :!li  «  A  repn'tfi'iicatioa. 

me  above  anothrr 

IT  4oir  into  tlu*  m.'C(iiiJ, 

df^  leries.     Tho|>sritt*« 

iJ  1^  ifempmj*  tuQb  to  tlio  !*t:iti'  of 

\jm  iwiiiiuniiii  br  a  stream  of  w.itrr  in 

%y  taeipoot;  ■»  and  flowing  thnMii;h 

from  which  it  i?*  eulr-t.*- 

ani  iluT'^rn  in  tho  wiNNlcut. 

|Mrt  of  Ibnp  sik  eiMila  Ofa  rwt  iron  capr*iiit'.  fi  ^  «* '/. 

vf  9a^w^  to  dkr  top  «l  a  ftTotif^  wooden  tabli*.  a.     Thi* 

f  te  PMtimif  w  farmak^  irttK  a  tnNtilatuiv  travrrm'il  l)v 

kd  •L'l  in  fiintioti  \'\    the  tooth««i  whi-fl, 

mOt^taJbh   pari  of  the  arranc-rticiit,//, 

m  1^  1^^  hand  llmte,)  ii  compo-M-il  of  hard 

i«D  %hm  n^fnfjkX  spbd^  ^'  ^^©  iron   rollar,  ^  y*. 

pafff  oCthe  mill  bu  oiut  he  saiiic  form  as  llit* 

of  tt^ixediitin  caatiDi;,  fr*  ui  ;bc  Durfarf*  ofwbirb 

I  dirtiifB  of  abotit  half  nn  ir^^h  ;  it  is  al;4o  fiiriiinhcd 

b»d  fth*  nuiVd  to  it«  undrr  *irlc,  and  wliii;h  couiir 

iManteet  mth  thi;  b4>t|om  of  the  tdm  [mn. 

fttdlice  of  thin  w^oodbta  muU/r  is  hollow  «mI  out  in 
hi  a  fmitsel^  Into  whieh  k  eoiidtiet^Hl  the  liijiiid  Hliirn*, 
k  penetratffit  into  lb«  ijiaee  n^mairiin^  b<rtw*-*-ii  th*» 
df  the  uptter  aed  lower  nortii,  md  then  flows  over  th» 
lof  the  hasin  br  tne  s|>out  pUeea  tbi-rf  (nr  that  purpoHc.    On 
^*— I  of  the  irtm  pan  h  placed  abmit  Half  a  hiindnMl  H<'ij;ht 
%  which  fcFrms  n  tftratiuu  of  rathnr  more  than  half  un 
tliiekneaa,  and  with  whjeh,  wbt^n  tbo  machini)  is  sot  in 
the  pounded  tnineml  ia  mitasiLlv  in  itatod  by  th<!  proioo 
aaakd  to  the  bottom  of  th#t  PftoUiii^  l^Joek  of  wood.    Tho 
0f  gold  are  thus  tnstaotly  dissolTod  tho  nionu^nt  they 
sioutact  With  ihf?  mercunr,  w)it!it  thmn  which  eH<;np«3  coin- 
in  the  Ers(t  amalgamaftuti  am    urn^sted  by  tho  others 
iSnd  mate  aeriea.    Aft&t  this  apparatus  has  bcn^n  at 
^ftor  or  ftf©  conseeutife  weeks,  the  mercury  is  drawn 
4M  through  apieoe  of  chamois  skin,  fop  tho  puq)OM0  of 
he  soUd  amalgam.    This  jisuallv  contains  about  one- 
weight  of  Fyjga,^™°  "  obtained  by  a  process  of 
feY"**it!  J22S!^  eliminated,  and  the  gold 
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fhuk  in  which  the  experiment  has  been  winducted.     In  oriT 
howerer,  to  obtain  perfectly  oxact  result*,  it  is  uecv>»»inrv    'hsA* 
certain  relation    should  exist  between   the  aniouut  ot   tK* 
metals  of  which  the  alloy  la  coinpoaod,  8*  nee  if  the   silver  k 
preaeut  in   iiilficient  qaautit\%   the  mixture   is   not   comp 
attacked  by  the  nitric  acid  ;  whilst  on  the  other  hand,  whrn 
large  a  proportion  of  tliis  metal  is  added,  the  gold  remAin* 
pulverulent  fomi,  which  renders  its  collection  for  the  p 
weighing  extremely  difficult, 

Partinir. — Thia  operation,  which  has  received  the  naxae  of 
inpf  is  found  to  succeed  most  perfectly  when  the  aliov 
a  little  less  than  three  parts  of  silver  to  one  of  gold  ;  and  il 
in  aU  oases  where  g:reat  exactitude  is  requLnxi,  the  addition  of 
must  be  so  managed   as  to  agree  as  closely  as  possib I ^    ■  ■•' 
proportion.     If  the  alloy  contain  less  than  two  and  a  ; 
silver  to  one  of  gold,  the  golution  of  the  silver  caunot 
pletely  eflectedi   ns   in   this   case  some  of  its   particlw 
enveloped  in    gold  as   to    resist  the  action    ol    the   stmn^'v*) 
add. 

The  operation  of  adding  the  proper  amount  of  silver  to  an  alloT 
to  reduce  it  to  the  right  standard  for  the  proctMs  of  parting,  if 
called  inquartation.     The  quautitj'  of  silver  neLV-:«»jiry  fur  t' 
pose  is  estimated  in  accordance  with   the  approxirnaLivt^  d 
tion   of  the  alloy  produced  by  direct  cu|>ellati(in  of  the   i 
obtained  by  assay,  which  may  be  judged  of  either  by  the 
stone,  as  will  be 'presently  described,  or,  in  many  instanc*; 
Bimj>le  inspection  of  its  colour  and  hardness. 

The  inquartated  button  when  obtained,    should   1 
flattened  with  a  poUshcd  hammer  on  a  steel  anvil,  and 
attacked  in  a  small  flask  or  large  test-tube  bv  nitric  aci 
gravity  I' 15.     After  haviug  been  boiled  for  about  ten  i> 
acid  of  this  strength,  the  liquid  is  carefully  poured  uJllaii* 
heated  to  ebullition  during  a  quarter  of  an  hour  in 
specific  gravity  V20.     At  the  expiration  of  this  tinie 
carefuUy  poured  off,  and  the  resiclual  gold,  afler  h  " 
washed  with   diatilled  wat-er,  is  trant*l'ei'red  to  '.\ 
capsule,  from  which  the  wat<?r  is  partially   ni 
and  the  remainder  evaporated  by  exposure  in  ;■ 
i)erfectlv  freed  from  inoistui'C,  the  pulverulent  ^ 
weighed  directly  in  the  capHide  in  whu*h  it  ha.^ 
folded  in  a  little  poor  lend  foil  and  ftLrmn  pM-  *^t d 
to  obtain  it  in  the  form  of  a  pun^  nui.iJiir   H   ti 

operated  on  va  \u  motel  vussUaacs*  tw^Y^' 
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ice  its  weight  of  poor  lead,  and  then  adding  the  amount  of  pur© 
Iver  or  Hue  gold  ueceaaajy  to  bring  the  miitiire  to  the  proptT 
composition*  After  having  in  this  wny  obtained  a  button  by 
cupelktioD,  it  hi  first  llattoned  on  tin  anvil,  and  afterwards  annealed 
bjr  belr*"  ajrain  heated  to  redness  in  the  mnffle,  when  it  its  dja\^Ti 
out  into  the  form  of  a  long  strip,  by  being  repeatedJy  paeaed 
between  the  rollers  of  a  atiiall  flatting-mill.  During  the  progress 
of  tliis  operation  the  metal  requires  to  be  a  second  time  annealed, 
when  sufficiently  reduced  iii  tliiekneaa  should  represent  a 
:allic  ribbon  of  a  quarter  of  m\  inch  in  width  aiid  two  and  a 
inches  in  lent^^th.  A  convenient  weight  of  alloy  to  operate  on 
10  grains.  In  lamiiiiiting  the  cupelled  btitton»  it  is,  however, 
ve^ihtiry  that  it  should  be  reduced  to  a  suitable  tJiiclness,  so  that 
the  one  hand  the  Bilverinay  be  eoinpletely  dissolved,  whilst  on 
le  other,  if  the  lamiiiution  be  carried  too  far,  the  gold  remaining 
jliXer  the  uperutiyn  will  not  posaeaa  sullicient  cohcR^nce  to  admit 

Tit*  being  conveniently  renjyved  and  passed  to  thi*  muffle. 
_  The  strip  of  alloy  thm*  prepared  in  now  wound  in  the  form  of  a 
spiral  around  a  piece  of  glass  rod  or  the  barrel  of  a  quill-pen,  from 
whicli   it  is   reujoved  to   a 
fjmall  glans  mattratas,  eapa- 
Le  of  holding  about  three 
icea  of  water,  which,  with 
tongs  used  for  holding 
is  reprenented  fig.   215. 
o  and  half  ounces  of  nitric 
of  ppeeitic  gravity  1*15 
now   added,    ana    the 
Ae  exposed  to  the  tern*  215. 

iture  of  ebullition  during  twenty  minutes,  when  the  first  liquor 
IS  carefully  pmired  off  mid  replaced  by  t  he  same  quantity  of  acid, 
having  a  speeitic  gravity  of  1'26  :  witfi  this  the  rceidue  \s  briskly 
boiled  for  auotlier  ten  minutes,  after  which  it  is  poured  otfaud  the 
remaining  gold  carefuHy  washed.  The  fla«k  iH  now  entirely  tilled 
with  diatUled  water,  anJ  after  covering  the  neck  \\ith  the  thumb,  I 
so  att  to  prevent  the  escape  uf  any  of  the  liquid,  it  in  so  incliued  ajj 
to  allow  the  comet  of  spong}'  gold,  which  retaiim  the  form  of 
tho  original  alloy,  to  silowly  descend  without  breaking  to  the 
neck  of  the  mattras^s.  The  metallic  spiral  ia  now  carefully  placed 
a  small  earthen  crucible,  from  which  the  water  in  poured  olT, 

which  is  afterwards  heated  in  tlie  mulfle  to  bright  redness. 
In  the^e  t^tiiimtious  it  iaof  importance  that  the  alluy  should  not 
be  immediately  attacked  by  the  atrouger  acid,  a«  in  thia  case  the 
irold  would,  by  the  rapid  ititiou  on  the  j^Uvcr^  he  divided u\  tl\^CvN\:vw 
line  [towtlfr,  w/jj/ht  if  on  the  other  YiaiuOt  vVl«:  ^^  vA.  «^^T&tfi, 
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g^vity  1*15  only  were  employed,  the  whole  of  the  silver  couU 
be  complet^lj  separated  frora  the  orig:iiial  gold  «pougc.     Whtea 
attack  has  been  conducted  with  proni^r  care,  the  gold  rotuAi 
the  form  of  a  friable  brown  sponge,  having  yerr   nearly  tKe 
dimeosiona  as  the  origluid  spiral  of  alloy  :  on  heating  thif. 
ever,  a»  before  described,  it  very  sensibly  coutnN'ta,  «ind  ot 
same    time    acquires  the    colour   and    consisti?nci*    of 
malleable  gold,     l^he  results  thus  obtained  differ  from  cmo-<j 
to  one-half  thouaandtk  from  the  actual  truth,  and  are,  t" 
sufficiently  exact  for  every  commercial  pur|>oi*e. 

Determtnatloii  Uy  the  Toueli<it«ne. — The  methods  of  asaay 
deacribed,  although  succeeding  pertectly  for  the  dr't*>pnuiuitii 
the  value  of  bullion  and  other  unmauufuctured  [ 
be  conveniently  applied  to  the  examinutiou  of 
wotild  bo  required  to  be  destroyed,  in  order  to  aijcortiiin   ; 
position^  and  consequently  a  method  is  employed   by   ^^ 
standard  is  readily  determined  to  within  1  per  cent,  o' 
whilst  the  most  delicately  chased  article  is  m  no  way  <J 
the   trial.      This   process   essentially   consists   in    rubbiiu 
convenient  part  of  the  object  to  be  examined  on  a  hard  m 
atone  of  a  black  colour,  on  which  it  thus  leaves  distinct  mettUic 
traces  :  from  the  aspect  of  these  marks,  and  their  bebaviour  wbon 
treated  with  nitric  acid  or  a  weak  solution  of  aqua  reg^a,  the  Mtajm 
judges  of  the    gold    subjected   to   examination.      The    matcm 
employed  for  this  purpose,  and  which  is  generally  known  by  tkf 

name  of /rji«cA*/o«r,  is  a  coarse-grained  species  ofqunr*-     ■  '- * 

by  bittiraiaous  matter,  aud  which  was  anciently  brou 
purpose  from  Lydia,  although  stones  of  equally   ~ 
now  obtained  in  vSaxony,  Bohemia,  aud  numerouw 

In  order  to  be  enabled  to  judge  of  the  value  oi    n;  ly 

the  nature  of  the  uiark  left  by  it  on  the  surface  of  tli  t^ 

assay er  is  furnished  with  a  series  of  smaU  bars,  ", 
formed  of  alloys  of  copper  and  gold,  of  which  th' 
accurately  determined. 

The  trace  left  on  the  stone  by  the  alloy  to  >m»  rTnTnTTut!,  ii 
successivelv  compared,  both  before  and  adtT  tht*  m  'ifl 

with  the  different  marks  obtained  from  these  n-  i  fl 

supposed  to  possess  a  similar  composition  to  the  !>•  j^ 

marlc  agrees  most  closely  with  it  under  both  tli-M'  oii 
The  acid  moat  commonly  employed  for  this   ] 
of  sp.  gr.  r2G,  to  which  about  2  per  cent,  of 
been  added.     In  making  these  assays,  the  ftr- 
tho  stone  cumiot  \je  exw^V^Y*^*^  ^'^  ai^ertai"  » I 
ubject  eiatnluevl,  o^a  t\\v5  ^wv^'aftvi  tj^  V 
ilercd,  by  the  pToc««%  o^  CAj\v>\msu^,  0^ 
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of  which  it  iij  throughout  composed.     For  thia  reason, 
',the  ohject  must  be  passed  onee  or  twice  over  the  surfa 
-  stone^  in  order  to  remove  the  superficial  coatiug  of  rid 

before  makiog  the  streak  from  the  corapari»oD  of  which 
thoise  of  the  needles  the  comnierdal  value  of  the  mixture  i» 
be  determined.  Thia  method,  although  affording  much  lest 
•ccurate  results  than  those  obtained  by  iuquartation,  is  neverthelesa 
for  many  purposes  sufficiently  exact. 

Whea,  m  addition  to  copper,  gold,  and  silver,  the  alloy  also  con- 
tains a  certain  proportion  of  platmora,  the  eeparation  by  cupellation 
of  the  oiidLsable  metala,  and  especially  copper,  1%  rendered  extremely 
clifBcult,  In  this  case  it  is  necessary  that  the  silver  present  should 
be  at  least  double  the  united  weights  of  the  gold  and  platinum 
contained  in  the  alloy,  and  that  it  should  be  cupelled  at  a  very 
'  ^h  tempexatiu:*  with  the  addition  of  large  quantities  of  lead. 
e  button  thus  obtained  is  afterwards  to  be  treated  with  nitric 
_  d  in  the  usual  way,  when  the  presence  of  so  large  a  proportion 
of  isilTer  determines  the  solution  of  the  platinum ^  whilst  the  gold 
letrauns  untouched  in  the  bottom  of  the  naak,  and  is  collected  and 
weighed  a^  already  described. 


con 

i 


BBrnmro  thc  feectoub  metalb — tamttso  ok  the  laboe  scale. 

MTien  the  separation  of  gold  from  silver  is  conducted  on 
exten.sive  scale,  the  use  of  nitric  acid  would  be  attended  with  very^ 
considerable  expense,  and  could  therefore  only  be  resorted  to 
when  the  proportion  of  the  more  valuable  metal  is  considerable. 
Thia  ditficulty  is,  however,  entirely  obviated  by  the  employmenti 
af  sulphuric  acid,  although  it  is  necesBarTt  in  order  that  the  alloy 
be  completely  attacked^  that  it  should  not  contain  more  than  20 
per  cent,  of  gold^  and  from  the  slight  solubility  of  siilphate  of 
copper  in  strong  sulphuric  acid  it  is  also  of  importance  that  it 
should  not  contain  much  beyond  10  per  cent,  of  copper. 

The  alloy,  after  the  additions  necessaiy  to  bring  it  t<:>  about  this 
standard  have  been  mad<^,  is  fused  either  in  largo  crucibles  or  in 
a  small  reverberat^ry  furnace,  and  granulated  by  being  thrown, 
while  still  in  a  hquid  state,  into  vessels  containing  cold  water. 
The  granulated  mixture  is  now  placed  in  largo  cast  iron  boilers, 
into  which  are  thrown  24  times  its  weight  of  strong  sulphuric 
acid  of  sp.  gr.  1848,  and  the  whole  is  at  once  heated  to  ebullition 
by  a  fire  placed  beneath  the  pane.  The  quantity  of  alloy  treated 
in  each  vessel  varies  from  4  t^  0  cwts.,  and  to  prevent  the  evolution 
of  noxious  gasc*8  into  the  laboratory,  n  h^aden  dome,  connected 
with  a  weU-drawing  chimney,  i*  placed  over  them  during  the  wh*^* 
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time  the  attack  is  being  made.     The  Btrong  sulphuric  and 
these  circiimstauceB  is  rapidly  decomposed.       '    '  '' 

formed,  and  sulphuroua  ucid  gas  ia  evolved ; 
economy,  is  frcqueutly  conduct^'d  into  &  emlpluiric  ^icid  uh 
where  it  again  hccomea  oxidised,  and  is  thereby  fiti^^l  io  « 
ployed  in  a  repetition  of  the  giime  prtjcesa.     At 
four  hours  the  attack  i^  usually  completed,  and  nt 
openitiou  i»  added  a  certain  qnantlty  of  Bulohurir   ;  ■ 
gr»  1  ti9,  obtained  by  the  concentration  of  tne  a<  i 
remaining  after  the  crystallisation  of  the  »ulpli; 
duccd  during  the  precipitation  of  the  metallic  811       . 
gently  be  described. 

The  liquors  are  now  again  made  to  boil  during  a  few  nt 
when  tlic  fire  i«  \\-ithdrawu  from  beneath  the  pans,  and  llir 
are  allowed  to  stand,  in  order  that  the  ftnt«ly  divi«V'^   "I 
become  deposited  on  the  bottom.    When  this  hait  tai. 
the  supernatant  liquor  haa  become  nearly  clear,  it    - 
Byphon,  while  ntill  hot,  into  leaden  evaporatorH  p; 
tLe  mother  hquors  remaining  from  the  crystallij-aiiliu  «m 
phate  of  copper.     These  are  heated  by  a  series  of  eU 
nntil  the  whole  of  the  sulphate  of  silver  which  at  Ht-'    '' 
is  rt^dissolved,  when  a  further  precipitate  of  gold  is  • 
the  liquor  agnin  syphoned  into  another  aeries  of  e^ 
which  are  suspended  a  number  of  copper  bar?,  by  wL 
ifi  rapidly  precipitated  in  the  form  ol  a  cnst^illLne  p<r 
course  of  a  few   hours  the  laat  traces  of^ stiver  nrt^  h  ov 

completely  removed,  and  the  metallic  d(  •  *rtfullT 

washed,  is  compreseed  by  a  powerful  h;  ibt-  fn€m 

of  Bolid  rectangular  prisms. 

These,  w  hen  dry,  are  fused  in  large  earthen  crucibles,  mod 
into  ingots.  Tlie  silver  thus  obtained  contains  from  threv  to 
thousandths  of  copper. 

The  pulverulent  gold  obtained  by  thi^  first,  atta*'k  still  motaiiii 
a  considerable  quantity  of  silver,  and  is  therefore  again  jiub|(M«l«d 
to  the  action  of  t>trong  sulphuric  acid  in  platinum  %ea«ela  Mlal 
from  a  lire  platted  beneath. 

WTien  not  aulliciently  purified  by  thi«  aecond  • 
strong  acid,  it  is  subjected  to  a  third  operation  of  a  - 
and  afterwards  fused  and  run  into  hard,  v^hich  coiDn<  ud 

about  99'5  per  cent,  of  pure  gold. 

The  solution  of  Hulnhat^  of  copper  produced  during  11m>  prrcipr 
tattoo  of  the  silver  ny  copper  barb  in  *  '   !W 

citftt-rn  lined  with  lead,  and  heated  by  n  jii 

in  -  \\\ttV\o\\.wbU\.    >^\  * 
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linf^d  with  lead  and  boimd  with  copper  hoops,  as,  from  the 
nesa  witli  which  sulphate  of  copper  actB  on  iroii»  bands  of  this 
would  he  rapidly  corroded  by  any  of  the  iiquor  accidentally 
aver  the  sides  of  the  vessels.  After  having  beeEi  tilled,  these 
are  closely  covered  to  prevent  their  too  rapid  cf»oling,  and 
the  expiration  of  about  five  days  the  mother  liquors  are 
tf^  and  t!ie  crvatals  of  aulpliate  of  copper  adheriuf;:  to  the 
((■fully  removed.  Theae  mother  liquors,  when  aijain  co!i- 
ntmted,  yield  a  further  supply  of  cryatalliaed  salt,  after  wlueh 
hey  are  net  a^ide  to  be  employed  in  place  of  s*ulphurie  iwnd  in  the 
it  stage  of  the  o]K?ration,  as  already  described. 
When  sulphate  of  copper  of  very  superior  quality  ia  required, 
lie  enstals  tirat  obtained  are  sometinrert  subjected  to  a  second 
rrytitallisatioii,  but  in  the  majority  of  casea  they  iu*e  luerely  vvai*iied 
a  wicker  eieve,  and  after  being  allowed  to  drain  iit  a  large 
en  cullender  are  packed  in  strong  casks  for  tlie  market. 
From  the  great  economy  wnth  which  thii«  process  i»  conducted, 
the  present  low  price  of  sulphuric  acid,  it  admits  of  being 
tagei>usly  applied  to  the  retiaing  of  silver  containing  00005 
of  gold.  "Wlien  an  a]k»y  chietly  consists  of  copper,  and  con- 
st most  from  twenty  to  thirt)-  per  cent,  of  the  precious 
i,  the  parting  is  oot  attempted  until  a  portion  of  the  copper 
been  oxidised  by  roasting  iii  a  reverberatory  furnace. 
The  granulated  alloy,  after  having  been  thus  treated,  ia  atrted 
a  by  weak  sulphuric  acid,  bv  which  the  oxide  of  copper  is  alotiii 
Ived;  and  when  the  mixture  has  in  this  way  teen  enriched 
ti!  it  contains  from  50  to  60  per  cent,  of  gold  and  silver,  it  is 
i  to  the  usual  process  of  refining  by  strong  sidphnric  acid. 
ifiod  ofenrichingj  the  alloy  by  the  oxidation  of  its  copper 
tirst  employed  by  M.  Lebel,  the  proprietor  of  the  "factoiy 
BellevLlle,  near  Paris,  who  for  many  years  employed  it  with 
at  success :  it  was  also  for  some  time  practised  at  Freyberg 
fir  i]ii'  piirj)08e  of  separating  the  copper  from  silver  obtained  by 
ation;  but  as  the  alloy  there  treat^'d  contained  small 
us  of  several  other  metals  besides  copner,  the  iine  silver 
btained  was  found  to  be  mther  brittle,  and  tor  this  reason  the 
Tocess  was  ultimatel)'  abandoned.  During  the  time  it  was  em- 
loyod,  the  metal  to  be  retiiied  was  subjected  to  tliree  successive 
iugs  and  attacks,  and  in  this  way  silver  coutaintng  only  four 
andths  of  itupurity  was  obtained. 
Iioyi*  of  <;t>id. — Gold,  like  silver,  is  seldom  employed  for  thti 
«rpn*ips  of  the  arts  in  a  pure  state,  but  is  alloyea  vnih  a  smjill 
father  of  silver  nr  eopjver,  by  which  its  hardness  as  well 

t.  ihiiity  h  considerably  incrcaeed. 
this  vuuntij  the  standard  of  the  aikoya  Qt  ^Q\l\ftC»^*i>^^^«^ 
p  p 
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of  anstf  expressed  in  carats.     Unitr  b  ni^t^ad^ 
M,  whilist  each  carat  is  it  lUtOi 

«o  that  unity  may  becci:,  .ut 

lii^  thirty  aieotidthg  of  a  carat. 

Ia  tto  #1T  the  gold  coinage  of  England  tB  aaid  to 
of  22  carata,  or,  in  other  words,  it  conKtsts  of  aai 
a  ertrx  24  -parU  there  are  22  parts  of  fine  gold  toA 
Hie  common  standard  for  jewellery  ia  18  caiut^.  idi 
of  this  alloy  the  Hall  mark  of  the  Gokkmith*' 
ii  geitfTally  affixed;  jeweller)'  of  a  lesa  standard 
ito^  not,  fiowever,  receive  the  mark  of  the  CoiapaiiT, 
il  tWnKMC    not  onfrequently  happens  that  chains,  &c,^  told 
gold  ilo  iliJt  coDtatn  even  fifty  per  cent,  of  that  metal 

TW  colbcinng,  aa  it  i«  caJkHl.  of  jewellery,  is  effected  by 
mfir  dinOlTnig  out   the  copper  wth  which  it  id  iHoyVd, 
ibemr  CMpoan^  a  aupcHieial  facing  of  fine  gold.     T(t 
thndiact^  t)ie  ohject  to  be  coloui'ed  is  first  heated  nearlv  to' 
is  m  gas  j(*t  or  Bpirit  kmii,  and  tliea  plunged   into  a  weak 
of  wtm  acidf  by  which  the  cop[)er  on  its  surface  is  reiiiovt*d. 
efli*ct  is  al<so  produced   by  placing  for  a  few   mini 
to  be  coloured  lu  n  pa^sto  coujposed  of  a  mixture  of 
salt,  and  saltpetre.     In  this  case  the  clilorine  v\ 
the  mixture  di8i*ulve8  out  the  copper,  and  leaves  the 
4  •orfaec   which    is   readily   brightened  bv  polishing, 
iBHlied  presents  all  tho  depth  of  colour  poaaossed  by 

TY»  giMing   of  metallic   ornaments   is   either   pcrfarmi 
th<*ir  surfaces,  rendered  perfectly  clean  by  iinmi 
Bitnc  or  sulphuric  acid,  witli  tm  amalgam  of  gold  and 
kstH  then  expdlins^  the  latter  metal  by  heat.,  and  sn! 
MTtidy  Voraishing  down  the  deposited  gold ;  or,  when  the  obJMl] 
IP  Vfik  is  entirely  composed  of  copper,  it  may  be  madt  ' 
fm^jw  %  o««Ting  of  gold  by  being  first  cleaned  and'amalj^ 
^  IwoiC  ^pt^  ii^l<^  ^  solution  of  uitrate  of  mercury,  and 
Jlfrli^DC  Arefully  w:i8bed,  placed  in  a  vessel  containing  a  * 
.^^glin  ^  cUoride  of  gold  in  an  ulkaline  carbonate.     The 
^  >r^tei  »ethod  are  afterwards  coloured  by  dipping  tkmi'ii 
'  *       a  mixture  of  nitre,  sulphate  of  zinc,  and 
>  then  dried  at  a  charcoal  lire,  and  aul 
water.    These,  and  all  the  other  proceasea  by ' 
iy  effected,  have,  however,  within  a  feir 
measure  supenseded  by  the  varioufi  proceiOT^ 
vKich  consists  in  depoHiting  from  its  aoliitiaoi  ^ 
ver  of  gvjld  of  any  dcs!re<l  thickne&«. 

ccTOfflawcJi^   «^\Vtss^si.vi  for   LIiLa   miTO^MC 
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lide  of  potassium,  containing  cyanide  of  gold ;  the  subject  to 
pit  is  attached  by  a  metallic  wire  to  the  negative  pole  of  the 
ngement,  ^vrhOst  in  connection  with  the  positive  is  a  piece  of 
3  gold,  which  is  dissolved  in  proportion  as  the  metal  is 
3aited  on  the  object  to  be  g^t.  By  tnis  means,  therefore,  the 
kness  of  the  coating  is  not  only  entirely  under  the  command 
he  operator,  but  the  stren^h  of  the  solution  is  also  constantly 
t  up  at  the  expense  of  the  ingot  of  gold  in  communication  with 
positive  pole. 
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Equjv,  =  08.6S.     Beneitj'  —  20'98. 

Plat  Of  UM  is  a  metal  of  a  s^eyisb-white  colour,  dupable  of  i 
a  verj'  liigh  degree  of  polish.  When  perfectly  pure  it  i« 
malleable  and  ductile,  but  the  presence  of  a  verv  ^'^^n 
foreign  matter  in  snffieient  to  destroy  these  pT 
render  it  both  dull  and  brittle.     The  tenacity  ot' 
nearly  eqnid  to  that  of  iron^  but  ordinary  com n 
almost  invariably  contain  a  certain  proportion  o4'  irunui 
presence  of  which  this  property  i»  considerably  iiiij 
metal  ia  infusible  when  exposed  to  the  utrongeet 
furnace,  but  mpltii  before  the  flange  of  the  oxyhydrof 
between  the  charcoal  poles  of  a  powcrfii!  galvanic 
iron,  it  yields  to  the  hammer,  and  admits  of 
welded  at  a  white  beat. 

Platinuni  ia  not  attacked  by  any  of  the  ©implc 
strongeei  nitric,  hydrochloric,  or  sulph^iric  iicifl  i- 
action  on  this  nietah  but  when  alloyed  with  a  i*utl 
Rilver  it  is  readilv  dissolved  by  the  first-nmned  tin 
aqua  regia  it  is  dissolved  with  thp  fonimtiou  ut*  a  bi 
metal. 

Platinum  i«  readily  attacked  by  the  caustic  aUwilii**.  n 
heat,  and  particularly  by  lithia,  but  is  in  do  way  «xT 
alkabne  carbonates,  even  when  exposed  to  their 
elevated  temperature.     A  mixture  of  nitn*   and 
produces  this  effect  with  much  greater  nipidity  iht 
alone,  and  ordinary  laminated  plattnutu  is  found,  } 
•presence  of  arsenic,  sulphur,  and  phospliorus.  rtipi^ 
malleability  and  ductility.     When  tliese  bodie*  an? 
high  t^mpcnituro  in  contact   witli      '  * 
division, combination  readilv  tnk»'»  ] 
brittle  compounds  mv  {hv  renult- 
prpduccft  a  simdiir  pffert  nn  thii» 
tir..  -  '  '   .  ■■  ' 
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rpct  nctian  of  a  furnace,  but  be  enclosed  in  an  oartheti 

•oiiiamiug  a  little  ruiigne^ia  or  caustic  bme. 
•\if  whta  ill  au  eitreiuelv  divitlcd  state,  posse#8<^s  certain 
r^  properties,  whic}i  render  it  of  frequent  employmcut  in 
in?DJical  Iftboratorv.  When  in  this  fonn,  it  is  kiio\ni  hv  the 
of  plntinuui-bJack,  iind  has  then  the  property  of  coQdeusiug 
a  iiiost  extraordiiL'iiT  cxtcat  the  gajse*  in  which  it  i«  phiced. 
tJii^  way  platiimra-black,  which  has  for  some  time  been  exposed 
an  atmosphere  of  oxygeu,  will  condense  around  it  several  hun- 
.<(  ♦....MS  it<j  volume  of  that  gas,  and  when  brought  into  contact 
in  iuilammable  bodieis  causei^  their  iustantaueoiiis  it^ni* 
ii,  for  eiamplct  a  drop  of  absolute  alcohol  be  let  fall  upou 
ill  lump  of  this  substance,  which  has  thus  been  exposed  iu 
ice  of  oxygen  gas,  it  is  at  once  inflamed,  and  the  whole 
H'  metal  instantly  becomes  incandescent. 
Ill  in  an  extreme  state  of  division  may  be  prepared  in 
lys.  The  most  common  method  is  by  boiling  a  solution 
wle  of  platinum  Pt  Clj  with  carbonate  of  soda  anri  sut;iin 
1^  a.  formation  of  chloride  of  sodium  takes  jjlitce,  the 
»s  precipitated  in  the  metallic  state,  and  the  oxygen 
I  by  the  soda  decomposeH  a  portion  of  the  sugar,  which 
ited  into  water,  ajid  carbonic  acid,  which  i*Bcn|>cs 
am.  Plfitinuin-black  may  also  be  made  by  di^s<ilvinj5 
ide  of  plutiniim,  Pt  C!,  iu  caustic  potai<h,  making  the 
il  violently,  aud  gradually  adding  a  small  portion  of 
d  to  the  solution.  Rapid  exolutiou  of  carbonic  acid  now 
place,  and  the  metal  is  precipitated  in  a  state  of  extreme 
i-ion.  The  aame  result  is  likewise  obtained  by  d«*c* imposing 
l|  liaU?  of  platinum  by  the  aid  of  heat  aud  strong  alcohol.  Pitt* 
rn  prepared  by  one  of  the  foregoing  processes  is  of  couataii' 
rHijdoy-ment  in  eudiometrical  experimeuta  for  the  purpose  of" 
t-xploJijig  the  mixed  gaj*es. 

Platinum  waft  not  imported  into  Europe  until  the  midfUe  of  th*« 

last  century,  although  known  long  previous  to  that  time  in  America 

undiP  the  name  of  pfutina,  which  signities  in  Spauish  tiftle  silrer, 

uTi.i  wjw  even  then,  fnmi  the  grcrat  diiliculty  experienced  iu  w^rk- 

iiJL:  '^  of  eomparatively  little  value.    The  platinum  of  eotmnerce  is 

itf  •  r  absolutely  pure,  but  contains  a  greater  or  leas  proportion  <if 

urn  uud  other  metals,  by  which  its  mallealulitv  is  ctuisidenddy 

ifred.     To  obtain  pure  platinum,  ordinary  cnippingn  of  itiat 

!   are  dissolved  in  a4]im  regia,  ami   t-^)  the  iiltertd  liquor  is 

d  eldoride  of  potassium  as  long  a«*  a  yellow  crystalline  prt*- 

iijiitato  coutinue*  to  bo  formed.    The  y»veci\>vtaU»,i^Avwlv  \^  14,  dvsvsJ^Vfr 

rhhnth  of  platimim  nmX   potasisiuiw,  Va  "vct^  feXv^'Ovx  %*^\i^vc.Sax 

w&ten  but  coatama  in  moat  mstauces  a  sius^  ^j^iTVXft^ '"  '^'^  ^""^ 


W 
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chloride  of  iridium  and  potassium.    To  the  preoipita. 
taiued  is  added  about  its  own  weight  of  carbonate  .»:    < 
the  iiiijLture,  after  being  properly  incorporated,  in  lioat< 
lu  an  ejirtheu  cnieible.     Ou  being  thus  treated,  th* 
platinum  gives  up  its  eMorine  to  the  potassivira  of  tbt? 
of  potash,  aud  the  metal  itself  is  ieohited,  whiUt  the  carhnmr 
together  with  oxygen  gas,  escapes  from  the  crucible, 
of  iridium  is  at  the  same  time  decomposed,  but  th 
being  rttdnced  to  the  metallic  state,  oxide  of  iridium  remains. 
calcined  mass  is  now  treated  with  hot  water^  by  uhi«'h  rli«-  .ilLil 
salts  ore  readily  removed  ;  whibt.thc  metallic  re- 
properly  washed,  is  attacked  by  dUut^  aqua  re^a,  ...... 

the  platmuui,  whiltit  the  oxide  of  iridium  remidna  tini 
8al*ammouiac  (chloride  of  ammonium)  is  now  added  *•  **-- 
tinimi  solution,  by  which  the  double  chloride  of  p 
ammonium,  haviufj  the  fonimla  PtCl,  +  Nll^Cl,  is  lumvi 
prccipitati'd.  This,  after  bein^  carefully  washed  in  dii>ttlUii 
is  decomposed  by  bein^  heated  to  redness,  and  the  apon^* 
remaining  in  the  crucible  may  readily  be  coinproased  into  w 
form  by  being  subjected  to  great  pressure  whea  strongly 
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This  metal  is  invariably  found  in  a  native  stale,  nntl  nrrtiwft 
alluvial  deposits  8*inuhir  to  those  ihim  which    p 
the  sands  producing  platinum  are  priucipally  d- 
valleys   traversing   serpentine  rocks.      It  geueraiiy   ;  im 

appearance  of  small  flattened  grains,  of  a  gTevi*h-v.  ir 

approaching  that  of  tarnished  8t4?eh     These  grams  oi 
flattened,  and  appear  to  have  been  poll nhed  by  fric;.   . 
other  hard  bodies.      Their  size  varies  from  linseed   to 
hempsced,  but  a  few  fragments  of  much  Inr—  I--  -- 
occasionally  been  discovered.     One  piece  hi 
Peru,   by   Humboldt,  and  presented  to  thu  v_i»iuuit   .1 
weighs  850  grains,  or  nearly  ti*o  ounces  avoinlupoiai. 

The  lioyal  Museum  of  Madrid  posscsist'!*  a  n|i     ' 
1814  in  the  gold  mine  of  Condota,  in  Si^uth  Aim 
large  a*  a  turkey's  egg,  aud  weighs  7,000  gniiu- 

A  specLmen  of  this  metal  wiuj  fouml  in  »!•    ;. '  <rl8J7iii 
Ural  mountains,  not  far  from  the  1' 
11 '57  lbs.  troy.    The  largest  spei'iin 

ad  is  \\\  iVe  i.:'.\Vu\et  vyt  V*  v>vv  K. 

eomiuou\y  com\mw:i  wtVJc.  o*tMw>im,  ^sv>:^v*x.  Y«*S«aw, 
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".  besides  gold,  silver,  iron,  and  copper;  they  are 

a  aaaociaied  with  various  heavy  niinuralt*,  ssuoh  as 

lie  i)\xiie  of  iron,  titaailerous  iron,  chrome  ii^^n  ore,  and 

Tbree  speciniena  of  native  platinum  >ielded  to  Berzeliua  the 
iw^Lng  resuite : — 

From  the  Urol :  From  Columbia : 

in  sitihI]  KTiviuB ;  m  large  do.  in  ftniall  in'nini. 

Platinum  .  7891  ,  7358 84.30 

Ehodium  .  0*S6  .  1-15 3-4G 

FaUadium  ,  0-2S  .  0-30 100 

Iridium  497  .  2:^5 140 

OHinium  .  1 9G  .  „  lOH 

Iron         .  ,  n<>4  .  12  98 oSl 

Copper    .  .  0-70  .  230 0*74 

98-75         92-60  97*36 


This  inetid  was  first  discovered  by  Ulloa,  a  Spanish  traveller,  in 

the  alluvial  dcipusits  of  Choco  and  Harbacoa  in  South  America. 

T     '  1^  Hirire  been   found  in  the  Urol  uiountaina,  in  the  island  of 

n,  in  tlie  sanda  of  the  Rhine^  in  those  of  the  Joeky  in  St, 

i'uji lingo,  and  in  the  jj^old  rt^it^ions  of  Bni/Jl, 

i'lu-  gold- washings  in  Peru  that  lurnish  moat  platinum  are 
wjiich  are  situated  between  the  seeond  and  sixth  decrees  of 
.  hiCitude.  Amon^  these  may  be  mentioned  the  mines  of 
Coudota  in  the  province  of  Novita;  those  of  Santa  Kita  in 
Viroviro ;  of  Santa  Lucia,  and  the  ravines  of  Iro  and  Apoto,  be- 
tween Novita  and  Tuddo.  The  deposit  of  platinum  here  oeeura  ^ 
in  the  alluvial  soil,  at  the  depth  of  about  20  feet  from  the  surface,  m 

The  gniins  of  platinum  are  aepanited  from  the  gold  either  b^ 
hAud-picklng  or  amal^aniation.     From  an  apprehension  that  thui  ^ 
jnetal  mif^ht  be  employed  for  the  purpose  of  debasing  gold,  it  wa«  fl 
Ibmierly  thrown  into  the  rivers  witli  a  view  of  preventing  fraud,  ™ 
«nd  through  this,  lar^e  quantities  of  this  valuable  metal   have 
been  entirely  lost.     The  jdatinum  grains  which  are  found  in  th© 
river  Joeky*  near  the  mountains  of  Sibao,  are  extremely  brillmnt, 
'    "nterrnixed  with  a  siliceouB  ciand,   which  is  frequently  fer- 

•us. 
irie  larjtfost  proportion  uf  the  platinum  at  present  used  is  ob» 
taiui^d  from  the  Ural  diatrieta  of  Nisehne,  Tajfilsk,  and  Gorobla- 
godat.     It  here,  tin  elsewhere,  tieeurs  in  alluvitd  beds;  but  tho 
coune  ofthephUinifL'touB  alluvium,  wK\ti\\\*  eT.V.Tto\uA"^^T«Av^»;>C\x<i> 
hjtm  been  tmcetl  t'of  a  eoadiderable  exteut  \i\>  "NLoxwaX  Na.  '^'os^\as^fe^ 
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wUich  coDsista  of  a  crystalline  rock,  from  the  aismit'gniTiau 
whk'li  tlie  samly  deposit  is  obtained. 

Euijsia  annuiilly  atibrds  about  80  cwtia.  of  this  ineUl,  whidf 
about  ten   timea  the  atiiount  of  the  united  products  of 
Borueo,  St.  lioiniiigo,  and  Columbia. 

The  production  of  Burneo  ia  eatiinated  at  GOOlbs,  per 


BSTIMATIOIC   OF   PLATIirUM,   AND    ITS    BEPABATIOK  fHOM 

HETAiS. 

Tlris  metal  is,  for  the  purposes  of  analysis,  woigUed  either  i 
metallic  state,  or  in  the  form  of  the  double  chloride  uf  p 
and  ammonium,  Pt  Clj-f  NH^Cl,  which  is  collected  «'ii  u  flit 
kuowu  \vei5:bt,  and  carefully  dried  at  a  temperature  •' 

When  platinum  exists  in  a  solution  in  the  form  ot 
liquor  is  first  concentrated  by  evaporation,  and  suhscq 
with  about  twice  its  volume  of  pure  alcohol. 

Solution  of  chloride  of  ammonium  is  now  added  in  i^tcfm,tsd 
the    liquor  again  concentmted   by  evaporation  in  a  ""*-»--» 
by  this  nieaus  the  double  chloride  is  completely  preii 
after  beiug  carefully  washed  in  atrimg  alcohol^   is 
under  the  eshauated'  receiver  of  tm  air-pump,  or  at  a  v 
temperature  In  a  water-bath.   From  the  weight  of  dou 
obtained,  the  per-centage  of  platinum  is  readily  dedtj 
100  parts  of  the  former  correspond  to  •i4"23   [■ 
platinum.      Inatead  of  in  this  way  deducuig  In  tbv 

weight  of  metallic  platiuum  from  that  of  the  double  s^i  ubuiiud^ 
its  amount  may  be  at  once  determined  by  first  expelliiig^  tiv 
ainmoniacal  salts,  and  otlervv^ards  weighing  the  tnetaUic  i^paoflj' 
plutintun  which  remains. 

For  tliis  purpose  the  double  chloride  should  br  *.r»  a  ftifi 

red  hent  in  a  closed  porcelaiu  crucible,  protect*  i  .l-wel 

action  of  the  fire  by  being  enclosed  in  an  oniiuarv  '  -il; 

the  decomp08ition  of  this  s^t  may  likewiee  bf  *  iV.  Ii^ 

flame  of  a  gas-burner  or  spirit^lauip.  and  in  that 
crucible  of  iire-clay  must  not  be  employf^^     T'-' 
the  double  salt  by  heat  requires  to  be 
BJuee  if  the  c>'ohitioii  of  ammouiacal  gM»  pi-  mm- 
amount  of  metalhc  platiiuini  will  bo  carried  ol' 
gases.     Instead  of  using  chloride  of  nn 
tation  of  the  double  salt,  cJiloride  of  pot 
the  double  c\Aot\<\vn  q?  \\'A?L\Yi\i\\\  wcxi.  \ 
C»«iO  prcK^uc^i\  va  c\\.\\eT  ^v?iS.  w\\^  ^^ 
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into  metallic  platinuTn  ami  chloride  of  potassium.  The  latter 
arnted  bv  solution  and  wa.^'hing  in  hut  water,  and  tl»€  Ibrmer 
aiitl  TAeighed  iu  the  metallic  state. 

?  fieparation  of  piatiiiuiii  from  other  nietala  is  often  ©fieet«d 
ugh  the  insolubility  t>f  its  double  cldoridea,  deposited  on  the 
ition  of  chloriiie  of  uiumoniiiiii,  or  ehloride  of  potassium,  to 
utions  eontaiiiirig  chloride  of  pkitijxuin. 

The  t«3tal  iuaolubility  of  thit*  metal  in  all  the  aeid»  excepting 

nitro- hydrochloric  and   others   cajmble  of  iibemtio|^  chlorine,  ia 

«T.oti,,.p  property  ^hich  ftvijuently  afforda  a  ready  means  of  w?pa- 

platinum   from  the   bodies.      From   many   of  the  metals 

im  ii»  dt'partrted  in  the  form  of  sulphnret,  by  a  current  of 

I  .  retted  hydrojejeu  j;a.s,  by  which  its  precipitation  even  in  acid 

I    H'Uiiiniia  ii*  completely  determined. 

I        When  platinum  is  alloyed  witli  a  conwderabK?  proportion  of 
r  f'tsil  euluhie  in  nitric  acid,  it  beconies  itself  uttacked  by  that 

.  t,  and  cimaei|uently,  although  pure  platinum  is  uiitouehed 

L^lieu  thu8  treated,  maMy  of  it^g  alioy^s  are  eompk;tely  Holubio  in  this 
Hpenstruum. 

t       From  tji>ld^  platinum  may  be  ^parated  by  diasolving  the  alloy  in 

P  nqtin  retain,  and  subsequently  [jreeipitating  the  platinum  by  solu- 

*"  ijal-amnioniac,  m  above  described.      The  tiltratc  from  the 

salt  contains  the  whole  o4*  the  gold,  which  may  now  bo 

precipitated  in  the  metallic  state  by  the  addition  of  protosjulphate 

of  iron  to  the  solution. 

The  pulvendent  gold,  after  being  thoroughly  washed,  m  dined, 
heated^  and  weighed. 

Platinum  and  silver,  when  forming  an  alloy,  may  be  separated 
bv  solution  in  nitric  acid,  and  fiubncqueutly  precipitatmg  the 
■liver  Q&  chloride,  by  the  addj-tion  of  mi  excess  of  hydrochloric  acid 
to  t!ie  liquor.  If  a*  large  excess  of  silver  be  present,  the  eepa- 
ration  ia  best  affected  by  the  uae  of  sulphuric  acid,  which  dissolves 
tlM?  silver  and  leaves  the  platinum  iu  the  nu^tallic  lorm. 

Au  alloy  of  gold^  ])latii.um,  and  silver,  nijiy   be  analysed  by 
8<rfution  in  nitric  acid,  which  diaaolves  the  silver  and  platinum,  and 
leaven  till'  guld  untouched.    Tlic  silver  ia  now  separated  in  the  form 
of  chltiride  by  the  addition  of  hydrochloric  acid,  and  the  platinum 
pr**ci|Htated  from  the  filtrate,  by  the  addition  of  chloride  of  ammo- 
iiy  which  the  formation  and  precipitatioa  of  thd  double 
m  »alt  is  determined, 
^irttmuni  and  copper  may  be  separated  by  difisoHing  the  alloy 
ua  regia.  and  afterwarda  precipitating  tne  metallic  platinum 
bar  of  pure  copper.      The  aeparatiou  of  these  uvetm  \&  ^W 
y/r  ohtauwfl  hv  means  of  *mlpl\ur\c  ftc\^,\i^  -WVCxOtv^^,  <ifiiNj[\fet 
Wre«/,  whilst  the  platinum  reu\a\u%  aa  a  iive\.;ii^vii  ^^?tfsx  • 
"m  of  rJihMam  with    gold,   ti'iiver,  «ai^  cov^vi^^  ^^''^l  ^^ 
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analvspd  aa  follows : — The  alloy  is  distolved  in  a<] 
liquor  eopi»m5*ly  diluted  with  distilled  wat^r.     Tlr 
separated   from  a  (lofciiUmt  prwi[)itat<?  of  chin 
filtration.     The  ehloride  thus  obtained  may  be  » 
its  equivalent  in  metallic  silver  detenuiiied  by  ' 
may  be  reduced  Lw  boiling  with  zinc  and  sulphur' 
deposited   silver  is   washed,   dried,   and   weigiiecL 
obtflinod  trom  this  |irecipitote  is  now  concontf:it 
with  an  excena  of  alcobol:  aabamtnoniiic  i«  sub 
and  from  the  weight  of  the  precipitate  obtnined  i 
amount  of  plat iu urn  orippnally  present.     To  the  (loln 
from  the  platinum  deposit  is  aclded  a  solution  of  prt>i.... 
iron,  tojQfether  with  a  few  globules  of  metallic  nitrrurv.      I 
containing  the  mixture  is  pently  heated,  and   nf^  —      - ' 
shaken,  in  order  that  the  precipitated  gold  may  b( 
amalgamated.      The   amalgam    thus  oht^incHl    is    m-xi 
washed  and  dried,  and  afterwards  heated  in  a  pon-elawn  , 
until  the  whole  of  the  mercury  haa  been  expelV   " 
alone  remains  iu  the  metallic  state.     The  weight  ^ 
may  be  estimated  by  difference,  and  repreeeute  t 
on  deductin£T  from  the  total  amount  of  alloy  m^ 
united  wei£(litn  of  gold,  [datinum,  and  silver  foumh 

The  ort^rt  of  platinum  cannot  be  aasaved  in  thp  drr  vmT,  val 
their  complete  analy&is  is  a  long  and  dithcult  opf ^ 
only  be  succes?4fully  undertaken  by  an  expenenc< 
commercial  a**j?ay  of  platinum  oreB  is  be»t  conducted  by  - 
pertbraiing  on  a  small  scale  ihv  Vdnt>u8  uperation!*  tm, 
aeacribed. 

METiJLUmOT  or  PLATIXUaC, 

Tlie  platiniferous  Bands  subjected   to   metallurgic 
besides  containing  the  principal  met«l  sought,  itl"    ■ 
quantities  of  the  constantly  asftociated  metidH,  pai 
iridium,   rhodium,  and  ruthenium  ;  they  alao   it' 
in  addition  to  these,  gold,  silver,  iron,  and  cojjpi 
various   hea^-T^^  minerals,   such   a«  titauifcroun  and  cliraxiiii 
ore8. 

When  gold  is  pr<?!*ent  in  sufficient   i 
subjected  to  amalgamation  for  the  pur[ 
the  rceidue,  aft>era  careftil  mecliajilcul  j»r 
treated  for  I  ho  \dM*i»iHm  which   it  cotr 

COT  I  \^  VOl.\iWC?»wvA.  V\ 

ext  i 

are  heat^,^^  i>ii 
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ih  the  attack  m  nmde,  is  alwnye  diluted  by  a  little  distillc 

by  this  uieans  a  snml!cr  quantity  of  iridium  is  di»8olTc<i 
when  the  iicids  are  employed  iii  an  undiluted  state,  and  when 
metal  i»  present  even  in  small  quantity  the  platinum  pro*. 
*  i8  rendered  extremely  hard  and  brittle.     The  aqua  rvgia  isj 
several  time«  before  the  Huliitiou  of  the  ore  is  eumpk'ted, 
it  care  is  taken  to  aroid  the  inhalation  of  the  esi-apingj 
which,  from  th€»  presence  of  osmic  acid,  are  extremely  prt>-] 
to  the  workmen  i*m])loyud.     The  nohition  thus  obtainedl 
set   aside^  in   order  that  it  may  brighten  by  preeiniia- 
And  the  clear  liquid^  after  being;  drawn  off  by  a  gia«»  syphon, 
'treated  with  a  tiolution  c*f  Bal-amniuuinc  as  lon^  as  a  j'ellow 
dpitate  is  dep3»jti^d.     The  mother  liquorn  from  this  preeipttate 
contain  a  foiitiiderable  amount  o(  platinum,  together  with 
iable  quautitien  of  the  other  metala  orij[;inally  pre«ient  in  the 
;  these  are  precipitated  by  bars  either  of  ime  or  iroxi,  by 
ich  a  deposit  of  a  dark  colour  ia  produced,  from  which  a  certain   ^ 
lOunt  of  phitiijuro  in  obt^iliied.     AVith  thig  view  the  dark  deposit  H 
■first  treated  with  hydrochloric  acid,  by  which  the  fort»ip^i  metald 
principally  dissolved,  and  the  residue  Mubsequently  reattaeked 
highly  diluted  m^ua  peffia,  which  readily  dissolves  the  finely 
tvided   platinum,  without   acting  in  a  sensible  de^gree  on  the 
Lum  ^\  hlclj  the  mixture  eoutaina.     Sal-ummoniafC  is  now  added 
the   clear   solution,   and  a  second  precipitate  of  the  double 
loride  of  platinum  and  aiiiinonium  obtained. 
The  double  chloride  thuy(  procured  it*  heated  to  dull  redness  in 
•ge  wrought  irou  eruciblet*,  and  by  this  nieans  the  ammoniacal 
Bii}ts  ai-e  expelled,  whilst  metallic  platinum  in  a  spong}'  btato 


This  Bpongv  platinum  is  next  finely  pulverised,  by  being  rubbed 
tween  the  hands,  and  afterwards  intimately  mixed  with  water, 
as  to  form  a  dense  black  alime.  This  is  carefuUy  pa»t»ed  through 
Bievea  of  extremely  line  wire  gauze,  and  the  coarser  particles 
which  remain  on  tlie  meshes  again  cruahed,  and  ultimately  made 
to  pajBS  through  them. 

In  conducting  this  operation,  it  is  of  the  greatest  importance  to 
avoid  the  u»e  of  any  hard  body,  bv  which  a  commencement  of 
agtjregation  between  the  particles  of  metal  is  produced  :  the  moat 
acrupuloue  cleanliness  on  the  part  of  the  workmen  ia  also  necea* 
sary,  to  prevent  the  introduction  of  any  eitniucous  matter  int?o 
the  finely  divided  ma8s»  as  the  presence  of  a  hair^  or  any  small 
dust,  would  he  qiute  sufficient  to  cause  a  serious  iinperiectiou  in 
the  forged  platinum  produced.  For  tliia  purpose  the  metallic 
iwder  is  separately  washed  by  decantation,  previous  to  its  co»* 
*tdatiou  into  one  m^sa. 


J 


platuium  paste  i»  nowr  inti'oduced  in  aa  a^^^viY^tvia  c(^ 


588 


pLATismr, 


iug  of  a  large  gun-metal  cylinder,  aceur:iri*iy  riitr<i 
piston,  and  enclosed  at  the  lower  end  in  a  steel  t' 
wUich  the  escape  of  the  pa-ity  rausa  is  eflVctunlly  pn?vv 
care  ia  uLso  taken  that  the  niaaa  to  be  coiii|)ress*ed  be 
frfJiu   alr*bubbles,  and   after  tir»t  rainmiu^  w  itii  a  w 
the  steel  piston  is  applied.     The  water  is  thus  ttepar;' 
nietallie   partirk-M,   and  their   closer  coni[>rc8>iiou   i- 
eftectetl    in  an   hydraulic   prea**.      Tlie   discs   of  p! 
formed  are  subaequently  heated  to  whitenes*.  in  * 
and  then  beaten  on  an  anvil  with  a  heun- hmun 
fectlv  homogeucons  mass  has  been  obtained. 

Platinum  admits  oi'  being  forged  and  welded  liko  wrdutr^it  Lr^m. 
ond   is  extcimively  employed   iu  the   manufaeture   of  < 
instruments,  and  for  the  negative  element  in  galvanit*  b^.u 
Lartje  platinum  Teaaels  are  likewise  usod  by  gtjld   refiuena, 
platinum  stills,  for  tbe  concentration  of  »ulpburic  acid,  have 
preeent  day  almost  entirely  auperseded  those  of  blowu  gbus. 

The  other  nietalu  contained  in  the  ores  of  platinum  arc  hPi 
applied  to  useful  purpoaea,  but  palladium  is  occasiooally  u«od  for 
making  tlie  divided  limbs  of  astronomical  in^trunu    ^  '  rhiulnun 

imd  iridium  have  sometimeB  been  employed  for  l        ,      riiicsa  to 
the  poiutu  of  metallic  pens. 
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— -,  treatment  of,  4V6. 

— ,  u»e»,  447. 

AnetUi^  iron  pyrites,  205. 

AraeniUo,  or  atacamitc^  324. 

Aah  of  Tftriovis  kinds  of  fuel,  182. 

Aah^wood  (fuel),  173. 

,  mountain  (fuel),  173. 
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DiTVQtion,  by  J.  P.  Boild.  2S6» 
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-,  ehemii'tiil  action  oi;  tS& 
465. 
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•-^  two  richwt,  220. 
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m  wilh,  474. 
112. 
253. 


'«a,464. 
BLrufla/(^^  463, 
Bffit^fru^f,  407. 
jB/niiif,  41L 
BIrDde,  bismuth,  429. 
Bliateml  st*cl,  807* 
BlooFn,  or  loupe,  274^ 
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tmdrin^,  300. 
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copper,  379. 
Bntlle  silver  ore,  525. 
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^^  -,329. 

I'  valTca.516. 
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Laade  of  sine,  42^i. 

Catulan,  or  French  forge,  295.               ^J 

■%  #sooTery  of,  3. 

liAmmin'  uAod  in,  298.                            ^^H 

pBiock^s  97. 

water  blowing  machine  of,  20n.          ^H 

coal,  133, 177. 
»e.  412. 

Cemoot  used  in  steel  fumaoe,  306.               V 

Ceaieutatiou  of  steel.  315.                             ■ 

Ima  roclu,  96. 

Ocriuin,  first  announocraont  of,  3.                1 

li  iron  ore,  aiuljiis  of  RTMvge 

Characters  of  nietabi : —                                  1 

^  of,  251, 

colour,  7.                                              ^^J 

(tion  of  iron  ore,  225. 

crjrat«lii»iitiou,  9.                                ^^H 

Qg  or  iniproring  lead,  4t>3. 

densit  J,  a                                             ^^M 

p,  diieorery  oA  3, 

duotility.  10.                                      ^^1 

to  rtHaim  of  rariouA  kinda  of 

elasticity,  12.                                      ^^1 

1171. 

Ucito,  178. 

expsntiion,  14.                                    ^^^^| 
fusibilitj,  11.                                      ^^H 

fep<l78. 

hardneaa,  7.                                       ^^H 

,  brown,  176. 

heat,  power  of  conduutmg,  18.          ^^H 

1,177. 

— — ,  specilic,  18.                           ^^M 

%m- 

laitfe,  7.                                          ^^M 

^176. 

malleabilitj,  8.                                _^^l 

r^hireoal,  178, 

odour,  12.                                   ^^^H 

fi.175. 

opoc-ity,                                      ^^^H 

»eten  tl»,  172. 

Bonorouanoas,  12.                      ^^^^^M 

L  waUsr,   of   Count   Romford, 

taaee,  12.                                   ^^^H 

1      173. 

tenndtT,                                    ^^^^^M 

hg'hng.  the,  287. 

Tolutilftv,  14.                                  ^^M 

to,  ftUoTs  fur,  2H. 

CAarbofi  M^mx,  153.                                 ^H 

a,  action  of,  on  oxidos,  22. 
-,  contained  in  fuel,  183. 

turo,  155.                                      M 

*,  in  stocl  iitid  caet-ipon,  d^iet- 

»  ■fiTiM  effected  bv   its   uae,  ^^| 

'       miuatioii  of,  317. 

^B 

•jUneonibined,  liowestinmtcd  in 

ClumMw],  brown,  158.                          ^^H 

pulverised  m*  tal,  318. 

0ate  of  coppur,  blue,  331. 

(.Vtf<f  Peat-clinrcoal.)                ^^H 

W  iron,  206. 

i.  line,  412, 

,  rcsolta  of   experiments    on^^^H 

piK&tion  of  clmrcoiil  in  hemps. 

Tanonj  kind*  of  wood,  141, 
l&l. 
Charomd,  manu&ciuro  of,  140. 

■» 

tiMd  iteel,  too  higbly,  how  re- 

id,  815. 

tia,  treatmetit   of   iron   in  tlie 

-= — — ,  charring  in  furnaces,  149. 

(•ces  of,  303. 

—,  charring  of  brown  coul,   158. 

l;»uriiniiiit-u,  for  what  used,  313. 

— ,  prtniQralion  bj  meilers,  143. 

tliargmg  a  furnace,  269. 

teiv  anttlyrU  of,  316, 

(^  cheiiiinil  Chanel's,  by  hot  and 

Charging  the  trough  of  atecl  fiiniaoe^ 

<M)ld  blajtl,  2^17. 

306. 

*»,  colours— grc^,  luottbd,  and 

Chnrring  procMs,  cxperimonta  of  Sau' 

white,  a43. 

vagt?,  l&'i.                                             H 

*,  fusion,  second,  oi,  266. 

Chemit^t  properties  of  metals,  15.         ^^H 

|-»  moulding  o^  259. 

Cbt?ttii»t,   mtjtallurgic,    furnaces    for,  ^^B 

^Wrightflon't  eiiicrimfnUupiJii 
tm  0pecin)eii%  320. 

4H5,  4«6,                                                    J 

C'Uu  of  Catalan  foroo,  295.                        J 

Iwl,  mnnafiictttrtj  oU  311. 

g.  waM«  in.  270. 

C1dorid«  of  silver,  52G.                          ^H 

»oft(a.405. 

1, 

Cbktniio,  action  of,  on  otidcf,  33.          ^^ 
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Oldonne,  action  of,  on  roetula,  24. 

Ohromate  of  lead,  468. 

Chrome  iron,  composition  of,  5S08. 

Coking-oreni^  form  oC,  il  Bi^  ^  H 
Gmt,  168.                         ■ 

171.                                   ■ 
Coleothor*  a  pigment,  204w                H 
Cold  short,  ft   term  aaipUed  l0te|H 
322,                                        _jB 
Columbium,  by  whom  diteaviN^^H 
CoinbiMrttion  'tf  m^rab,  ^,  SI     j^^M 
Conihii                                            ^^^H 

CondiiMiiH'  «>i  «.  .."nivvm,  *>.JK».          ^^^1 
Contnrrcnt  in  Catalan  forfe,  S9flb.^^H 
Cunvuhulu«  UturifoUoi,  l^Taa^^^^f 
and  when  employed,  318.          ^^H 
Copper,  ailop  of,  379,  &3L         ^^1 
-,  ama^amationof  iDakt%^^H 

Clipomium,  by  whom  discovered,  2. 
Classes  of  uietAl?^  :~ 

firat  cUi8«  ;    Those  whieh  are  ncTW 
used  in  an  onoonibmed  state,  5. 

second  cWs  :    Those  which  majr  be 
used  iineombined,  6, 
Claasificnt  ion  of  ineUls  by  Re^iiult,l6. 
Claaiiflcation  of  nuhalHc  oxides,  19. 
CUusthal,  lewd  fiirnant^  ttt»  610. 
Qausthedite,  405. 
Cby«,  97. 

,  fire,  or  refractory,  187* 

Ole»Tflge  of  erjrstalB,  60. 
Cctfd,  T»rietie*  of  :— 

anthraciU>,  137. 

brown,  130. 

%nite,  130. 

mineral  or  pit,  132. 
Ckn},  where  found,  130. 
Goal  districts  in  England,  132. 

,  effect*  of  aevenil  variotiei,  as 

ihown  bT  De  la  Bcohc'i  and 
Pbj&ir'B  report,  181. 

with  roepcary,  878. 
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way,  %iM 

at  Sht>flicld.  323. 

-f  table  showing  the  mean  com- 
position of,  134, 
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,  ores  of,  382, 
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,nrv         -^7$. 
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nr  Thmnrd'A  hhirt  9ftiS 

Cobre  ort«  of  copper,  866, 

Cocki^otnb  pjrit^rs,  204. 
Coke  raaiiufocture,  159. 

otrbontAation  in  heaps,  160. 

D<i>king  in  mounds,  162, 

coking  in  ovens,  163. 
Coke,i>t'a<,  165. 
Coking-ovent  dea<Tib«<l,  163. 
,  ohiirging  of,  164. 
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im  works,  102. 

«urt:d,  78,                                    ■ 

naee^auO. 

,  Briiuciaii    rii.)W    iiovluncUf  WJ.       ^H 

phU  for    th«  fiwt  stugo. 

Cryatalhne  Systems,  six  : —                      H 

tlio  cubic,  55.                                          ^M 

emfcion,  801. 

tbe  right  pnttirtAtic,  61.                           ^M 

iron  prepared  in,  ^02. 

the  rwtaiiguljir  pri«matic,  63.        ^^^H 

u  term  UMod  in  cupelln- 

the  rhombohedral,  65.                 ^^^H 

the  oblique,  67.                             ^^^H 

>r  thoikUijg.  103, 

the  doublj  oblique,  70.                ^^^H 

Dining  tt:rni,  99. 

CryatalliABiion  of  metala^  i9.            ^^^H 

%,  uaoA  ill  wtMhing  ores, 

,  eix  «yatf'fn»  of,  56.              ^^^H 

Cubic  system  of  crystal*,  55.                    ^M 

twined  from  fuel,  139. 

langontial    modificutiong     of    thr      ^M 

,  9  mining  term,  99. 
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mojIiiieHt  10119    of   the    angles— the 

ir  properties,  lytK 

ta  used  ill  Eiiglttud,  191. 

trapo/ohedron,  58.  ^M 
modLQcHtiotiii  not  |»amllel  to  tlie  din*      H 

og  off  for  astaying  iron 

gonula— the     o<"takiflhexahedrou,      H 

.218. 

lufiictun?  of,  188, 

hemihedml    orjstala— the   tetralif-      H 

mining,  Iijy. 
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ir  ctuu-juiteristics  :— 

pontogottoJ  dodecohodroQ,  60.                ^t 

tnmBpOfl4Kl  ciyBtak,  60.                         ^M 
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^0. 

Cucnirbit,  an  airthcQ  retort,  460.             ^M 

m,  55. 

Cuivr^  earhomtte  rert^  332.                        ^H 

p,75. 

—  ffri4,  330.                              ^^H 

—- ojytif  HOtr^  327.                       ^^^H 

erning,  52. 

—  oxyduU,  326.                         ^^H 

Ditivt'aud  seoondarr,  52. 

—  paHoehi,  320.                                V 

LmitiTe,  what  to  be  dia- 

pffritetLr^  828.                           ^^^H 

«d  from,  52, 

~—  /K^Tivr^,  327.                          ^^H 

l,54,5y. 

Cumberland  iron  work*,  iS^,            ^^^^| 

edroiv  57.                          i 

Cii[3el,  it«  absorbing  powor,  530.       ^^^H 

b  redm?e  the  nombcr  of 

Cypdktion,  481.                                      ■ 

itnaie  form?,  4i». 

Cupellation  of  l«md  at  Ckuathol,  51(^.         ■ 

iimetrr,  53. 

Cupola,  manufaeturt)  of,  '188,                       ^^ 

ait»  75. 

CupolaA  of  luiall  bWt  funiMf>i'«,  207        H 

)n«,  54. 

1,  regulw,  66. 

Oupreou*  angteiito,  407.                           H 

iihtidroii,  59, 

Cuproptuitdxtc,  465.                                   ^| 

t  dodecahedron,  60. 

CurmitU,  mAkni  of,oa  di«4^nlftnt  ■!»•      ^| 

it  «quar^,  61 . 

tiAMtioc,  08.                                ^^H 

tnodilicationi  of  rmriw 

^^^^^1 

■,*«• 

iniukflnioni  if&ikf  oOli                     ^^^^^^1 

h!^ 

DiwvriUa  irw  worki,  207.            ^^H 

i^. 

Dm'IiiuiI  •oluti<fii  of  ■ilf  vr,  IM.       ^^^M 

K». 

Uenaity  of  if  on,  &U2.                       ^^H 

k^^ 

^^B 

^^IH^^BHHBBH 

H        594                                           INI 

^H          l>rT»?itT  of  minerals,  86. 

^m         l>e|>oai'tf,  alluTial,  101. 

^H          l»e]XMiite,    mineral,   technical    terms 

^H             iifk'd  to  denote,  ^, 

^H          BidJTruiuiii,  discovery  of,  3. 

^H          Dimori»hiam  (crvstallogniphy),  71. 

^H          Dinoiide  of  copper,  326. 

^m          Distilkt  ion,  (Itj  ,  of  fuel,  138. 

Fault*  or  sUd<»,  99.         ^^H 

—  .--^ -    206.                     ^1 

—  oitfftMity  19t>.                         ^^1 

—  o^di  kfdr€t4^  901.            ^H 

—  mirur4,  £02.                       ^H 
^  iK(<«r<^  bUnc^  204.       ^^^H 
Fine  uictul,  279.               J^^^H 

^H          Diitrillation  per  dDscttnsum  (zinc),  419. 

^H         BoUt,  a  puddling  tool,  285. 

^H          Ductility  of  mct-olB,  order  of,  10. 

^H         Dudley  ctmi  basin,  220. 

^H          Dudley,  deposits  of  carbonate  of  iron 

H              at,  207. 

^H          Dufrenoyditc,  465. 

^H          Dmrch-brnchJrUehen,  278. 

^H         Earth's  crust,  constTuction  of,  90. 

^1          — ,  geological  ditiisiou  oi,  by  De 

■                         k  Bcche.  97. 

^H          -.— ^^,  originsil  (probable)  state,  93, 

Firewood,  or  <                   l7t^H 
Fhisk  or  box  i                   ;i.'6a^^^| 
Floss*  hole  of  <                   ^c,  I^H 
Forf^es  the  Cm                          ^^| 

:-.  Gem                  :  by.^H 

Fossiliferous                             ^^H 
Foundrwa,  an                      « ri^H 
FoHrMMM  a  »'                       "    ^H 

Fracture  of  nuucmiis  5a.          ^H 

Fuel,  various  kiudis  u^-^*__^^| 

anthracite^  137.           ^^^^| 

cod,  130.                      ^^H 

peat,  127.                       ^^M 

turf,  127.                              ^H 

wood,  122.                            ^H 

Fuel,eirectsofhniian.  137.  ^H 

Fu«U,  artilicial: —                   ^H 

blmrcoid,  l-U).                      ^H 

,  br«.*Mm,  153.           ^H 

^m          Earthquakes,    thwjry    oi^    explained, 

^H          Edges  of  eubo^  tangential  modiflca* 
^H                         lions  of,  56. 

H         Suemhrom,  208. 

^H          Eiienqlam,  199. 

H          Misenkatk,  206. 

H          J'^tfffi^^,  202. 

^1          EisensUin,  201. 

^H          Electric  rklaiuinc,  413. 

^B          Klm-wood  (fuel),  173. 

^1          KlvaJi,  395. 

^H         Erbium,  by  whom  discovered,  3. 

^H         Ermite,  of  Limerick,  333. 

^H         Eqiuvalents  of  metals,  4. 

^^^         Erzgebirgc,  bla^t  furnaces  of^  407. 

^^^    ]'   ^          "'",  3tl3, 

^^^H    L ^  .-i-uTi3  of  the  t  rompc,  297. 

^V        EucHint*^,  626. 

^H        Eucliroite,  of  Libettim,  333. 

^H        KxpanMhility,  linear,  of  metals,  tablu 

^■^      of,  14. 

^^^KF«c«s  of  cryHtals,  50. 
^^^Vaggola  o[  bUfttcwA  »Vw\,W«  tvsrtfid^ 

H       ao8. 

^H      ore*  ot  6o^»p«r»  W»^ 

coke,  159.                             ^H 
Fuels,  o- ^"i--  oi;^H 

uutiun,   179.                      1 
,  titf'thod*  fr»r  ftATTfaiattU 

■ 

Furnace                                 ^^H 

Furuaot'  rnnt^^aK  106^   ^^^H 

Funmccs  t—                    ^^^^^ 
Ahidi^v  of  Almadm,  4&ft.  ^J 

Tm 
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Autimonj,  metaSnirr  oC  *^^ 
CharooaC  charring  ^  lid. 
Chemieal  metalluri^,  -lafiu 
Copper,  nnelting  ci,  331,  SSL  3Sd. 
361,362,363. 

,  swctttinc  o£,  375. 

Imi  (cut),  meltuig  o^  367. 
charging,  269. 
lighting,  268. 
lining,  268. 
Lead,  ctipelktion  for  slrer,  4^3. 
funng  mattd  oi,  513. 
redoong  the  culphuref  o^  510. 
smelting  of^  u  lued  in  En^EU^^i, 

490. 
gmehing  ore-hearth,  aa  lised  in 
Scotland,  501. 
Iferrary,  treatment  oi,  46!>,  461. 
8chitfUofMan»feId,369. 
flOrer,  cakinatisn  o^  4M. 
Steel,  manufacture  of,  3i>ft. 
Tm,  extraction  of;  396 

metallurgy  of,  401. 
Snc,  ffmeltiog  of,  426. 
Vuaible  itate  of   the  interior  of  the 

e«rUi,&t. 
ISiailnlity  of  metab,  order  of^  12. 
Foaion,  second,  of  cut  iron,  266. 


Gada,  naed  in  mining,  106. 
Galena,  4&L 
Chdena,  anaj  of: — 

flrvt  method,  472. 

■eoond  method,  473. 

third  method,  474. 

fourth  method,  477. 
Galenas  containing  antimony,  assay 
.   0^478. 

GtOexy  for  intersecting  lodes,  104. 

of  the  Palatinate,  460. 

Galleries,  timbering  of;  106. 

Chmgue,  or  refractory  clay,  226. 

Gases  issuing  from  rarious  furnaces, 
composition  tables  of,  2^10. 

■  from  throat  of  furnace,  ana- 

lyses of,  248. 

— ^  from  the  throat  of  a  blut  fur- 
nace^ tabular  estimates  of; 
248^240. 

in  mooldst  262. 
r,6S8. 
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•>jui.  Lli:y»  oi  mj  j . 
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ai»J. 
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drterrr::: 


of. 
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tO'-j:iiAV,-:>r,  574. 

,  zuKZ-xzLnal  iT^trc^zA  '.  f,  564. 

,  sustaJ  -J^zic  t?*Atn*r:.t  ■.:,  5*34. 

f  orw    -A.    w;:h    e'>p>:-r    kE.d 

»ih-er,  571- 

,  partiaz  pro-^**,  572,  575. 

,  propwTtKr*  of,  556. 

,  refinLiz  of,  575. 

,  sourw^  oL  55S. 

Gold-wire  of  Lyons,  3VJ. 
Gold-wuhing,  564. 
Goniometer,  the  apfilied,  76. 

,  WoQuton'Sf  77. 

Grain  tin,  ho«r  prepared,  408. 

Granite,  95. 

GramsjneMylatfrZf  436. 

GraTity,  specific  {See  Jspccific  Gravity). 

Greillaide,  of  Catalan  process,  290. 

Grey  copper  oreti,  33u,  3iS. 

Griddle,  on  which  tin  ores  are  washed, 

398. 
Groups  of  metals,  according  to  Beg- 

nault,  16. 
Gun-metal,  composition  of,  3S0. 

Hade,  slope,  or  underlie,  99. 
Hammer  used  in  Catalan  for{;c,  298. 
for  compressing  puddled  balls, 

286. 

of  steel  forge,  307. 

Hammering  apparatus  for  loupe,  275. 

for  lopins,  277. 

Hardness  of  minmls,  85. 

Hearth,  German,  for  refining  black 

copper,  377. 

ore-,  or  Scotch  fumaoo,  604. 

» il^g^  fi»  tPettiiig  lead  ora^ 
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He^  effects  of,  on  fuel,  137. 

Iron,  caai-,  anal  jus  of,  SHU          H 

of  fuel,  nietlwxis  of  ni€Munng 

f  mouldinf  o£^  SSSi.               H 

lh<?  relatiTe  ainoiuits  of,  17^. 

Iron  oret,  asaaT  of;  212.                   H 

.  »pecific,  of  meUls,  table  oC  13. 

examination,  prrliraaiia*^.  214      V 

method  of  cond  ucting.  217            ■ 

,  conlriTttnces  for  the  recoTtjry 

humid  aiMy  of,  220.                      ■ 

and  applkatioii  of,  257. 

Heat-conductmg  power  of  tneUla,  de- 

•ompact,  200,                              H 

crememg  ordor  of,  IS. 

glance,  200.                             ^M 

Hearc,  a  milling  tenii,  100, 

laspcry  clay,  200.                    ^H 
knti(*ular  clav,  800.                ^^H 

Hi;gcnnUKI  broM  manulactonr,  380. 

H«Dafcit«»  red,  199. 

obgistic,  2(iU                           ^^H 

Hemih«dral  eryBtals,  H  &d. 

niicaoeotu,  2001                       ^^^| 

Hexntotmbedrou,  57. 

red  hematite,  20a                 ^H 

,  modifieatiouft  of  its  ftaglet,  68. 

rad  oefare,  200.                      ^H 

Hornbeam  (fiwl),  17*. 

{S^  Ore*  of  Iron.)       ^^M 

Hot-blMt,  appliostion  of;  ^46. 

Iron,  puddleil,  it»  quality,  291        ■ 

,  chemical  nction  of,  23a 

■ ,  scis4or»  for  cutting,  i9l*       H 

HuuBing-fmmes,  for  grooved  puddling 

roUerA.  289. 

H 

Hmnid  a^sty  of  iron,  220. 

Jigging,  or  sievc^'waabing,  IIS-          H 

HydniuUc-pipe  preas^  520, 

1 

Hjdrogen,  action  of,  on  oiidw,  22, 

Kibbles  used  in  mining,  lOi            m 

Kiln   for  roasting  mermuiai  om  ilfl 

ridc8»  25. 

Idria,  457.                                      M 

Klmmnfrud^  27$.                             ■ 

Hydnwltttie  bakuets  87- 

Kuffer^rkeerd,  S76.                          ■ 

Hjgrometric  water  in  fuel,  18S. 

Kn^fTShu,  827.                                 ■ 

Ku^€TkU4,  32S.                                          ■ 

Idria,  working  of  ore«  of  BjercuT7  at) 

K^trl^r,  331.                                 ■ 

451, 156. 

K^ermekti^  S8«.                               ■ 

,                Iodide  of  silver,  526. 

KmyTfmitk,  aS6.                                 ■ 

Iridium,  discorerr  of,  3. 

K^$rHhm«rtt,  327.                         ■ 

Iron,  action  of  •oid*  on,  196. 

■ 

,  characteristics  of,  192- 

Ladles  for  meting  out  east  ifon,  ViM 
Lama,  ground  «lV«r  or«,  651.           ■ 

,  estimalioit  of,  209- 

Lambeth,  Messn.  CorT'a  cobng  M 
naeea  at,  166.                              ■ 

192. 

oiidfttion  (ru^t)  i?^  1^^ 

Landsberg,  apptntat  tat  matmwM 

460.                                                 ■ 

,  metaUurgy  of,  224, 

Lanthanum,  diaoonefj  oC  9»             1 

-^  principal    manufactures    of. 

Lavas,  96.                                         ■ 

323. 

LsTcdero,  waAhing^out  vat,  55S,       ■ 

nmnmtifiti     of    frona     othfr 

Laws  of  frnunetry  of  LTyt tala^  51.     1 
Lead  mclting>pot»  SGIk              ^^ 

metals,  209. 

,  texture  of  oommemol,  193. 

Load  orea,  aiaajr  oi;  469.           ^^H 

— ,  Tarietios  of  ;— 

leirc.litic,  198- 

^ — ,  manufacttix«,  6ia. 

meteoric,  197. 
native,  196. 

Tni»tAllTmrr  aS  AAH 

^.^.1 .  i-m^i^.  II  1     ^m      AmUm 

■teclj.  197. 

,  sopantion  from  oUiar  mt/lA 

— ,  weldin|r  of,  194. 

468. 

,  when  it  worlts  he^aTDv,  285, 

^^^   t-  •  -     t,  iye. 

I5III. 


yj7 


'Mjud  ores,  treatment  of,  in  Scotci  f ^- 

nacetf,  503. 
Xiead-smelting,  4S9. 
EDgluh  process,  489. 
Gennan  method,  509. 
improTing  or  calcining,  493. 
P«ttin»on'fl  proce*«,  4A>6. 
Pontgibaud,  method  of^<517. 
raducing  proce«i,  ^502. 
Sootch  process,  505. 
Lebfrkies^  SOL 
Level,    change    ot^    in    etrsU,    bow 

caused,  92. 
libethenite,  333. 
lighting  a  funmce,  235,  269. 
Lignite,  Tarieties  o^  130. 

,  table  showing  the  per-oentage 
composition  oi^  131. 
Lime^  anhydrous,  97. 
,  hydrated,  97. 

,  sulphate  of,  97. 

,  uncombined,    estimation   oiy 
318. 
Limoges,  tuniptate  of  iron  from,  209. 
Lining  a  crucible,  218. 

a  fiimace,  268. 

—  period  it  lasts,  269. 
Liquation,  a   method   of  extracting 

•ilTer  from  copper,  373. 
laquation-hearth,  its  use,  373. 
Litnarge,  commercial,  516. 

experiments  on  fuels,  IW. 

-^—  of  silrer,  reduction  ot,  502. 
Lithium,  by  whom  discovered,  3. 
liOam,  moulding  in,  261. 
Lodes,  a  mining  term,  99. 

,  modes  of  searching  for,  104. 
f  operation,  first,  when  disco- 
vered, 104. 

,  outcrop  of,  exposed,  103. 

Lopins,  fragments  of  loupe,  276. 

,  hammer  for,  277. 

of  steel  furnace,  310. 

Louehet,  an  instrument  for  cutting 

peat,  128. 
Loupe,  or  bloom,  274. 

hammerinff  of^  275. 

Lime-tree  wood  (mel),  173. 
Lnmp-iron,  refinrag  oi,  278. 
Magiftnl,  roasted  copper  pyrites,  552. 
Kigiiesmm,  discoTery  oi^  3. 
ICagnetio  iron  ore,  199. 
iron  pyrites,  204. 
'         •    198. 


.1/    :-•  ;.  33i. 
Malachite,  ^1 

jw.do.  333. 

Malksfcbie  zuf.^^  7. 

,  on^-  cf,  1'.'. 

MiJe^,  -.**«:  ::.  riir.ir.?.  105. 
MAf.Z»r.t*r,  "rj  nr-o:;.  rlr**.    Vi.r.e-'l,  2. 

ort  of  u-o.'i.  210. 
M*r.ij.-;LlAt:or.*  u.  \':j:  .>» »:.-^:a  Coj-f ler 

calrliut:'>iT.    tA    /Pei   hi    •■.— :    ^zA 

meltirtz  for  r-*fhr-!*:  ukX-m,  'i'A. 

caaLirjauou  of  th'.*  -yjar*..-  'i. •:»»!,  856. 

roeltin?  for  wr.i'o  rj.rtai,  a.>7. 

ju^'uiZ  for  biu»;  inrtal,  iloS. 

TtUltltlUd  of  '■lil't,  ^.,  .'iOfi. 

roasting  for  »}«it*;  m'.-tsl,  ^'». 

roasting  for  Pf;5ilu»,  301. 

prqfaraiioii  ot  crndt-  coj.jkt,  302. 

refining  of  cru'le  copjier,  yj3. 
Mannheim  gold,  379. 
Manfffeld,    ^>p[jer    schists    of,    how 

treated,  3^)9. 
Marls  fclavB),  97. 
Mauicoty  463. 

MassouquettcA  of  Catalan  jirocess,  299. 
Matt  (cornier;,  fni-ion  for,  3il. 
Merthyr-Tydvil  irr;n  worki^,  2J5. 
Meiler  process*,   (ireparation  of  char- 
coal by,  1 12. 

,  Knapp's  exjK'rimcnts  in  cliar- 

ririg  peat  by,  106. 
Mercure  natif,  450. 
Mereure  tuifur*:^  451. 
Mercury  or  quickitilvcr,  418. 

,  a<luiteration  o^  '148. 

,  commercial,  4-19. 

,  mines  of,  451,  452. 

^  ores  of,  450. 

,  properties,  Ac.  448. 

,  separation   from    impurities, 

449,  453. 


-,  uses,  450. 


(•%•<•  Ores  avd  Quicksilver.) 
Mesozoic  rocks,  97. 
Metal,  fine,  279. 
Metals,  common,  early  known,  1. 

,  six,  known  in  Moses'  days,  1. 

,  symbolic  names  of  ancient,  2. 

— — ,  symbols  of,  modem,  4i 
Metallic  iron,  fusion  of  galena  with, 
473. 
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Metallic  iron  moulds,  266. 

oxides.  (Sr#  Oxides,  Metallic.) 

salts.     (5iv  Salts,  Mctiillic.) 

»  non-,  element*,  action  of,  on 

the  oxides,  21. 
,  on  the  sulpliurets,  26. 
Mctallurjr^,   it»  origin  lost  in  anti- 
quity, 1. 

-,  Greeks  and  Romiwns  excelled 

in,  1. 

— ■,  state  of,  in  Europe  before  the 

10th  contury,  1. 

of  antimony,  4ri2, 

bismuth,  431. 

proccHia  at  Sclineebcrg,  *132. 

copper,  3 18. 

gold,  670. 

• —  iron,  224. 

— —  lend,  489. 

merourv,  456. 

nicktl,  3^8. 

iuiprovemonts   in,  kept  bc* 
cn>t,  3ftl). 
—  -       pliitinum,  586. 
^— — ^  silver,  &41. 

Europenn  proccfs,  Ml. 
Mexictiu  method,  560. 

tin,  4fJl. 

— — -  xinc,  lis. 

English  pnxsMj^  41  Si 
proccfl*    ftt    Vieille    Mon- 
tague, 421. 
Silesinn  roelhod,  425. 
MetaU,  ftirly  wri t43f9  on,  or  flrat  dis- 
ooTerer»  of: — 

Agric^>lft,  Georgius  (bismuth),  2. 
Burzj^hus  (cerium,  thoriniiui)^  3, 
Brundt  (arsenic  and  cobalt' ,  . 
ErL"ken,  Lazuruj,  2. 
Cronatedt  (nickol),  2. 
Davy  (potasi^iuiu,  ftodiunj,  &c.),  &, 
Dcllinyart  (tung»t<*n),  3, 
Ghan  (mftnganepc),  2. 
Grcj^or  Oifn?>i(mi>,  3. 
Hut,-  -    ■  -    -i),  2.^ 

Hii^i'  (ecriunj),3. 

KiflpfOth  (iinmnim),  2. 
Mopander  («Iidimium,  hinthnnutn, 

Mftllcr  ftTid  TTtclm  (tcUiiHtim  and 

Pari- 

Ro»i%  li,  ii*\'>«A\\VDLc;.^*Vi^>\x«svVi. 


SefttrAm  (van.idisiTiiV,  %^ 
Stporaoyer  ' 
SrntiJxT^  III 

'1 

\ 

V  :ii4<|ii''iiTi   |.<'[  ir^  M!  11  uillli 

Wolln«t«tn    (jmlbuiiiimi 
dium).  2. 

Wooii,  Cltarlcs  ( 
Metals*,  state  in  win 

in  iiAturp,  S3. 
Metamorphic  rocks,  ^ft^ 
Meteoric  iron*  eomi 

riclie»  of,  ItiS, 
Mica,  oopptT,  of  Cort»i 
Mill  fiimRC^?',  it*  use,  291. 
Minexnl  reiJis,  9S. 
Minerals,  phyftic«l  pi 

aggre^tion,  state 

density,  86. 

fracture,  85. 

hurdncfi!*,  85. 

odourj  SB, 

structure,  83* 

taete,  86. 
MineraJj,  cbjimct^r    of 

which  iron  {»  obtainiKl, ! 
Mining  ojVTationii :  — 

attack  k, 

ejtcav 


orushin^j,  l»lt*. 

jis;cinff.  n*. 

]irtfiii  'itionAi 

sieve  1  "i, 

orw,  111. 

M  ,  by 

M.  -'iintnual 

MurUrtis,  6iampiog 
650. 

MouUlii  - 


Houhl- 
Mount; 


rroii. 


ID  Aj^fTIMf  CXpOMCl 

of  lodes  It,  108. 

for  capdlation,  483. 


.--»  -f  .  rMhT.  Uri 


Braphfthsline,  obtained  from  hA,  l». 

BKh**^*  copper  proceM,  363. 

'•r*r-:.  ;  . 

Sv2iTe  binnuth,  429. 

•XT-.*  ■•jr.-.  j:  »■ 

XbUHiek  Amalgam,  SSL 

•:::-.  •r*'  ;:  •• 

3leDlnlit7ofBalt»,33. 

r-r-.j-^  i-i 

3fa»0MtleH»i-Tnie,  coknv   t^natxk 

r-nr.f^  i-    '.  -r 

at,  ids. 

;.7rr.-*  j:  n  z.s.  -S.:' 

•■-•^•.ji.-   1  .■*.• 

132.' 

■';:^E?'.i.'-   i'.- 

•'t**  y  l.-.r..   t.-.:u-»..f  .'1  ril. 

hood,' 187. 

u.r.  -J.  un 

Xiekd,  first  iiliovrn  to  be  «  'iutiz«:r: 

•ru-^r.v   .-'  ..v^   iTLl 

body,  2. 

-itr--^  ».  rii 

■  1.  ^    ■■'  --..i.-.j-i.*.':*^  zz^; 

:^-z.  .r  .r  .r:-.  i=i. 

:  •.■■.-•-■.-^-  ii:. 

glanw,  3S7. 

•  ..  ■       -"     ZSi 

...    ■...■*-.   /  .r--^  ZSl. 

stibine,  387. 

— '■ z:.x.-.:xT.^^..  111. 

KiekeliferouB  nvrites,  387. 
Hieking-Biirldle,  118. 

Or^  /l",:..  ..fc^NW  ■/.,  l.'j. 

*-.'.;■:■'  *•  ■.!_>,  i\'^ 

Niobium,  di-^porery  ot,  3. 

h;.  w*-:  *^v...ox.v-,  210 

Vitrogen  contained  in  fuel,  1%I. 

•  'I*   -.— .  ::17". 

Ifon-metaliic  elements,  action  of,  on 

Orv*  of  Ir  r.,  •::.*:\i::,t  '/,  i^i 

the  oxides,  21. 

J^'l,  ViA. 

]7oriuin,  dl««oovOTT  o^  3. 

,  *-^«-  of.  \f/J.  17**. 

Normal  solution  of  silTcr,  533. 

Number  of  metals,  4. 

,  rrarfi^fAtft  of,  100. 

.  r.)iXi,nde  of.  if\V. 

Oak.wood  (fuel),  173. 

Oblique,  doubly,  system  of  CTy«tal»,70. 

dimorpliism  anil  polymorphum,  71. 

isomorphism,  73. 

pseudomorphism,  75. 
Octahedral  Copper  ore,  826. 
Odour  of  minerals,  86. 
Obemdorf,  manufactoiy  of  arms  at, 

157. 
Ores,  concentration  of.  111. 

,  mineral,  extraction  of,  107. 

Ores  of  Antimony,  asoay  of,  -ISV. 

oxide  of,  435. 

■olphuret  of,  '136. 
Ores  of  Bismuth,  429. 

aoicular,  430. 

blende,  429. 

oaibonate,  430. 

iisttve,429. 

oiideoi;4aa 

titndjiiiile,«ia 


— ,  chrornate  of,  108. 
— ,  estimation  of  sdver  r-o: 

in,  481. 
- — ,  native,  463. 
— ,  oxide  of,  463. 

,  phosphate  of,  467. 

,  plumbo-resinite,  4GS. 

-,  BiUpliato  of,  467. 


tallied 


,  sulphuret  of,  46-L 

— — — ,  treatment  of  first  ('lass  of,  470. 

,  treatment  of  second  oIjwn  of, 

472. 
Ores  of  Mercury,  or  Quicksilver,  15(>. 

,  a!»Miy  of,  455. 

,  CHtimati<m,  153. 

,  metaUurKy,  45<i. 

,  nativn,  45<>. 

,  s4*piimtioii  fnim  oilirr  inotnls, 
453. 

,  sulphumi,  451. 
,  imtmciit  ftt  Idris,  4C0, 


nnsMx. 


^•Iwmined, 


(lt}]0Sl  ^ww— —  — - — ^  — 

Milk  vliiii  vm  an  affinitT 


'IS. 


oi,(tt 


dUo- 


C^^TS^nd 


JJj«kfoDg,  of  Ike 
*Tio<j»  And  eoBocb.^- 

•^"'i'el*  to  tho  - 
58. 

grtt^m  for  moaldnv 

™ion  of  aflrer 

J*«K>»  or  amaW^,,! 
^^i*>on,  aoi.  226. 
^e«t.  how  prodyoed,  127, 

128.  ^^ 

'  MclJer  ppw«»,  114 

,  ovens  for  chimii*  a. 

r-JJ— ,  ^ari^,e«  of,  12SL 

165      ''"'^•^"t  «*«J  in 

PhUhps'a  aaalrsi,   of  bJu*^ 
°''  copper,  33L 

Phoipborua.  per^nu^c  nQ 

P?camar,  obtained  fi^JfucL  l« 

g»J  cftitt  iron,  24a       '  "     " 
mottled  cast  iron,  343 
white  cofst  iron,  2 13 
Pil^ofcut  iron,  291  / 
J  incbbcck  goJd,  379 
l*it  cott],  proixrf.        -   ,^ 
diao'^ 
t  how  \vm.[-  t 

Pitaeall,  obtained  ft^ttiliiS 
Pitch  coal,  las. 

Platirtum,  its  .Jr^ooverr.  S,  R8S 
,  eatiiuai  ion  of,  684, 


^  mctaningy  0^  6M. 
inopertiM  <<  680. 
.  Mpmtion  ot,  from  other 

#        ,ioaroe>o^  58S. 
Pmb*  mtIom//,  465. 

dk/ofw^  4ei. 

pkotpkaie,  467. 

M^«/ff.  467. 

vrainite,  468. 

an  iron  kd]^  4S4. 
526. 

(a7ttaUogrmhy).7l. 
.      _         .  treatment  of  Md  oim 
^  617. 

nMtjpool  iron  works,  232. 
j^oplar  wood  (fad),  174. 
Mpa  of  OUalan  fiorge^  296. 
PofffriiTiyi  96. 
PMutiam,  diaooTeiy  (^  8. 
Ploto,  worUng,niftricet,and  toDpar,  in 

PkttinMm's  proom,  496. 
Pnm,  hinged,  for  puddled  balb,  287. 
Prilb,  the  first  class  of  tin  orea,  888w 
Primitire  rocks,  96. 
Mnee  Biroert's  metal,  879. 
]Mam,  right  square,  6L 

modifirations  of  the  edgea^nd  an^cs 

nriam,  straij^t,  63. 

modifimtions  of  the  edya  and  ang ka 
o^  64. 
Mamatic^    reotangnlar,    ijstem    of 
a7^a]s,63. 
modifications  on  the  edfBs,  64. 
modifications  on  the  cdMa  of  the 

haae,64. 
modifications  on  the  angles,  64, 
Priamatic  right  sqoarr  system  of  eiya- 
taks6L  ^ 

modifioatioiia  on  the  edgea  of  the 

haae,62.  ^ 

modificationa  on  the  veiii«d  edgea, 

68. 
modificationa  on  the  andea,  62. 
PModo-malachste,  388. 
PModomorphism     (oyatalkifniiibj), 

operation  of;  270. 

n)lla,28e. 
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PyrilMi  eopper*  888. 
Fyritea,  iron,  202. 

anemcal,  206. 

axotomona  arsenical,  806. 

magnetic,  804. 

white,  204. 
Fyritea,  nickel,  387. 
lyometer,  Wedgwood's,  307. 
Pjritn^lie  or  wood  spirit,  139. 

Qnandel,  the  central  pott  of  a  mailer, 

142. 
(2kMbi/^,  460. 
Quicfcsflrer,  or  meremy,  448. 

^  mmea  fA,  461,  462. 

,  nathre,  450. 

(&#  Mcrooiy  mmd  Ores  of  Heremy.) 

Bahbfinf  ,  a  technical  term  in  copper- 

amdtmg,366. 
Back,  the^  119. 
Bed-jacket  copper  worka,  86a 
Bcfitterj  fomaee  for  silver,  499. 
Befining,  English  method  ci,  278w 

^,  German,  272. 

of  tin,  404. 

Begnaiilt's  classification  of  metals,  1& 
Becnlos  of  copper,  fusion  for,  341. 
Bekt  ive  affii^tiea  of  melala  ibr  oxygen, 
16. 

hardness  of  metab,  8. 

Bhodium,  by  whom  discorered,  2. 
Bhombohedral  sj»tem  of  crvstalff,  66. 
modifications  on  \\vt  angles  of  the 

summits,  66. 
modifieatioua  of  the  lateral  anglea, 

66, 
modificationa  on  the  eulminatmg 

ed«n,66. 
modifications  on  the  lateral  edges, 
66. 
Bhomboidal  obliqoe  system  of  crys- 
tals, 67. 
hemitrophie  crystals,  70. 
nodifioations  on  the  angles,  68. 
modifications  on  the  edges  of  the 

base,  70. 
modifications  parallel  to   the  dia- 
tA  the  base,  69. 

on  the  vertical  edgea, 

Birof  s  method  for  the  eatimatioo  of 

tin  ofw,  401. 
BifoTt  Mid  Fhfll^t  Mnar  pK^ 


^^    G02                                                      INDEX,                                                               1 

1           Rooat-posta  in  the  amalgamation  of 

ScAioantftffi^en^  625.                           ■ 

1               silver,  542- 

ScJMors  for    culling    podifitd  vm    fl 

fc          Eooated  dead,  a  terra  in  UM  in  copper 

291.                                                ■ 

^K       smelting,  3G6. 

Scraper,  n»d  in  moulding,  3<Ub           m 

^^H    Rock,  methods  of  atUncking,  in  mining 

St»ouiidiirv  rocks,  9&.                           ^^ 

^K^^mnftim  lOo. 

Hdenititn',  27.                                     ^H 

^^B^||gg^|||[i«giitton  of  tiiinorals,  90. 

Sclent urct  of  (?opp(?r,  333,               ^^M 

,,(  l^n,^      IK^                                           ^^^1 

^^m                      igneous,  90. 

Shear  attvl,  308.                                   ^ 

Shears  for  t'tjtiinij  pudfUc*!  ifrm^rtt    ^ 

^^M                     nientni*)',  W. 

Sheet  iron,  n 

^H    BocIe,  difibrent  kinds  of: ^ 

Sheet  load,  !i 

^H         ba^nllic,  96. 

Sheffield,  q» 

^^M         ciikvareoiis^  96. 

and  nuuii 

^H        cltiv^.  1)7. 

P!,,r,    ,.  ,..,-. 

^^m         gTieirHHt  95. 

W' 

^^M         granite,  !(S. 

>,, 

Slt'Tes,  ns  iu*ed  on 

^H         Ume,  97. 

Sit've-w  ashing  in 

^H         ]xjrpliyry,  i)5. 

St(brn,hiAZ,  524. 

^^1         trftohvto!>,  95. 

8ilei<t)tn  mitt  hod  of  xincsmaltiag,  flfi 

^H     Rol)i>rN  IhiidiinfT,  292. 

fiinio<'e,  42l>, 

^^m     Rollers,  jrrooi'erl,  for  puddU'd  iron,  289. 

Silica,  estimation  uf,  318. 

^m     Rolls,  puddling,  289. 

Silictite  of /,ii>i'    li:t 

^H     Rosettoft,  plate*  of  n-lined  copper,  3Tfi. 

Silver,  allot 

^H ,  tuethod  of  longlicniiig,  378. 

,  alliv 

^H     HhHh  GUmutrr,  *202. 

allo^v**,  *ie*«^  ol,  i»^  ?1 

^B    Rim  or  direction  (mining),  99. 

wnr,  f>:M., 

^^     Rusauvn  imu,  303. 

^, amj'l    ■    '            '^".  - 

I             Rutheuiuui,  b}-  whom  diesoover^d,  3. 

Ci 

iWll^», 

^H     Stilziaurct  Bf<^i  vfxt  Mendip^  4<J4. 

enm^  h\ 

^H     Sand  eofd,  13'M77. 

,  ftm^fiBl:. 

^H    Sanda,     metal  liftTouH,     mdhods     of 

tliod,  ftW. 

^^        wa«hin^,  114. 

nirmv  i^f     'i^.H    fA'k 

^^     Salts,  metallic,  Ivow  formeil,  82. 

— — *— ,  cwtitnatiofi  of,  6J7.             ^^^ 

^^B    ^,  actiou  of  »alt«  on  each  oUict, 

481.                                     ^M 

^^^^1 _^ l4._       . .        ..,1.         ^»1_^- 

,  roctaUnn^  of,  64|.          ^H 

^^H                      hj  the  dry  way,  47. 

,  oTv*  of,  nsn                  ^^H 

^H                      each  other,  46. 

1                                    ^^H 

^,  tal.l                                        .^H 

^^^H                    ,  ru\  L^joiis  oi  ,      actUf  alKMlitc^ 

^H                      .',v-../,v//,  33. 

iij>                                          ^^1 

8;-^ ^H 

^^^H 

■           .  ^v>^f.'^  of  cn»talli*ation,  37. 

^^^ 

^H   ^A                          209. 

81ittnni.  Ibr  (mitu3«  maQ  mn  M|ff 

^^m   8c'  i                     .  \vow  treated^  36d. 

2^>K                                                _J 

^B  8ci                     \:a:i. 

^^B  8i'  1                          vLt«3  ol  \»\viskv).On.  «St^ 

^^^^^B 

•t.'Li.cAik^.VE*'                           ^^^H 

^H 

brown  cod.  131. 
i\,  152. 
192. 

WDAte  oC  206. 
EbciimI  hmCaIs,  9. 

»  Tuioiu,  124, 

k}ttia,68. 

9. 

utire  blue),  384. 

mred  &crai,  3S9. 

Lg,109. 

iUoys  for,  29. 

MHt  on   the  eflecti  of 

Liited  to,  IBl. 

;3ifi. 

in,  how  determmed, 

(uiion  of  phoiphoruf 

ture  of,  304, 
ifacrture  of,  Sll. 
nafiicture  of,  III 2. 
mmfiujUirti  of,  i}09. 

repanid  by  th«  Cat*- 

II, 

Tiwky't   ffxporiiiieiiU 

tb'i  cnwt,  90, 
L9». 


StntUbktioa,  diiooHaiil,  91. 
Stntified  b«di^  101. 
Sttwmtng  mod  ^trmm-matk^  lOS. 
Stiwm-worlu  for  atnetia^  Utit  89& 
Sliingi  and  thnadi,  99. 
Strontium,  diacoTprr  at,  9. 
Structurp  of  minenui,  88^ 
Slmtkofrm^  302. 
Sulpli^le  of  copper,  SSi. 

of  sine,  414 

Solphide,  m  Utm  ii«*d  bj 

wfatmymoQM  with  milphuret  of  mi' 

ncTaklJ;uii,  210. 
Solphitr,  aetton  of,  on  oiidr«.  2d. 
— ,  oombination    of,    with     the 
m(«tab,25. 

contained  in  fuel,  18a. 

— — —  in  iteel  and  cast  irou,  317. 
Sulpharet  of  aotimonj,  43f$. 
Sulphurft  of  biimoih,  429. 
Salpburet  of  copper,  327|  &49. 
Bujphuret  of  mercury,  451. 
^  niialT»is    bj    KlapffJth 

Leberent,451. 
Sulphuret  of  ^inc,  411. 
Bulphorett  or  tulphidea,   bow  piw- 

pazvd,  26. 
Swansea  nnelting  work»,  360. 

^,  csloMM   of  minenli   trailed 

ib«rdn,a£0. 

,  prooMwa  pnrsucfl,  351. 

Sweating,  firtt  f tue  of  cbarHni?,  144. 
Sweating  fumaoe  tor  oopper,  37  &< 
Swediiih  iron,  303. 
Sycamore  wood  (fuel),  173. 
8ymbolii  of  name*  of  metnli,  4. 
Symmetry  of  cry^tnk,  Uwa  of,  58. 

Tablo,  p«rcuMion,  117. 

Tables,  iloeiring,  115. 

Tablea  ihowing  \\w  weight  of  »ilvcr 

to  the  ton  oflcad  oro,  &c?.  487, 48«. 
Tadda  naed  m  miniufi,  lOi. 
Tamping,  or  soft  iKhul,  lOB, 
Tapping  for  mmoTing  liquid  nwtal, 

248. 
Tnr  obtained  from  eotl  diBtillation* 

167. 
Taateof  minendn.  86. 

of  salt».  37. 

Tuclmical  term*  of  mineral  deposit! 

90. 
TcUurium,  by  whom  diftcoTored,  2. 
Tt^mper&ture  of  the  eartb,  94, 
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Torbium,  difloorery  of,  3. 
Tertiary  rock»»  Ob, 
Tetrahedron  in  cryBtnls,  59. 
Thenard's  or  cobalt  bluCj  385, 
Theoretical  eireets  of  fuel,  172. 
Thorium,  discovery  of,  3. 
ThromboUto,  333.* 
Tilt  hflmiiier  in  t^tefl  forge,  307, 
Timbering  of »  pftUery,  106. 
Till,  its  properties,  &e,  391. 

/block,  405. 

-, — ,  estimation  o^  8t)8. 

crmin    if  Hi 

EX. 

Yalucs    r^'I.Mi!ivp,  of  fiu^  taeeilMil 
by  1                  ut*  af:— 

suiphiAT,  183. 
Vttter,  li) groraetric,  I9t 
Vanadxxim,  diai^overy  of,  II. 
Yauquelin'a  miAlT^is  of  the  ofidxif 

auliniony,  435. 
VogiHal*,  A  tt-rra  uwsd  in  rMpBlbU*. 

48-*. 
Vcina,  mineral,  98. 

tonfi^r    in^                                ^^^1 

— ^-  mines,  3i*4,  3l>5, 

Viekeriiaffrn  iron  works»  dl&      ^^H 
VieiUe  Montagdo,  th^  V^^ftrntk^^ 

At,  '121.                                       i^^H 

Vitrtx>us  copper,  887.                  ^^H 
Yitrfotu  silver,  524,  524.              ^^H 
Volcanic  eru|>tiou9  accoimtcd  forJ^H 

UlverttoTie  charcoal  inm,  303. 
Unnmm,  whm  mid  bj  vIimb  4b* 
eafTored,2. 

Wa»hing-aptMnitita  lor  cm :— 

Gennau  chest,  115. 

nicking- huddle,  \l^. 

percuaaion  UbJe,  117. 

rack,  119, 

steeping  tablei,  115. 
Water  ill  cUflerent  sorla  of  wood«  ISL 
Wriisjnfaghu^r:^  435. 
Wet  way,  QSAay  of  «ulphat«»  of  eopps 

by,  344. 

— ,  estimation  of  copprr  by,  Mk 

Whim,  or  gin,  in  miniog^  106. 
White  nickel,  3^7, 
Winwj,  in  mining,  UVS. 
^'.,...,,,.1   , ,_...!  ...  ...,ning,  108.    ^^ 

.  1  ^  TVilfiMSU^^^H 

orea,  preparation  of,  ^93. 

,  refining  of,  402. 

398. 

Titanium,  by  whom  disooTored,  8. 

Tong»  used  in  cupellation,  483. 
Tortttd,  circukr  pntches  of  biItw  ore, 

6S1. 
Toisiagi  an  operation  so  called^  405, 
Toasing4ubs,  for  washing  tin  ores,  396. 
Tnwhyt«,  95. 
JTniuaition  rocknj  95. 
Trompe  of  Catalan  forge,  296. 
Trough  of  steel  furnace,  304. 
Tungfttate  of  iron,  309. 
Tungaten,  by  whom  diacoTerod,  3, 
Turf  and  peat,  127, 

(Set  Vent.) 
Ttttcnague,  the,  of  China,  390. 
Tuyeres  of  bliwt  fumaoe,  230,  23S. 

,   bi*atirig   apparatus  attached 

to,  254. 
Typtf  priatera',  alloy  for,  20. 

Taltioa,  tvUtiTo,  of  fiiela,  Meertdned 
by  thrir  aioounls  of:  — 
a*bo»«  1S2 

t                 '  -  '           -^:^ 
L                                  IH3. 
^^H           iiiin^gccij  lT<4. 

— ,  iH*|Mimtii>n  «tff«:<»4  ■eootilii^l 

to  M-'-    >■:    :.rit*flU,W7.          ■ 

Wood»biti                                          ■ 

coal    from                    ^^^1 

Woo.'                                ^H 

a»<>'                                                ^H 

ZETDEX. 
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Woods,  TirioQB,  for  fuel : — 

iwulu  of  SchOdler^i  And  Petenen's 
analyaes  of,  125. 

specific  grsrity  o^  12^ 
WooU,  or  Indian  steel,  812. 
Work,  a  teofanioal  term,  114,  895. 

TeDov  ochro,  202. 

Ystalyfera  iron  works,  256,  257. 

Tttmim,  discoTCTf  of^  8. 

ZsoBtocen,  amalgamation  of  silvtir  at, 
551. 

Ximkapath,  412. 

ZiMnkUt,  394. 

Zinnober,  451. 

ZtMstein,  893 

Ziroooium,  diacoverj  of,  3. 

Zinc,  by  whom  fint  mentioned,  2, 

409. 
— — ,  carbonate  of^  412. 
— — ,  estimation  of,  414. 


Zinc,  metalluigy  of,  418. 

,  ores  o^  410. 

,  oxide,  red,  ot,  411. 

,  preparation  of,  at  the  Yieille 

Montagne,  421. 

,  properties  o^  409. 

,  separation    of^    from   other 

metals,  414. 

,  silicate  o£i  418. 

,  smelting  ofi  Silesian  method, 

425. 

1  sulphate  of,  414. 

,  sulphuret  of,  411. 

Zinc  ores,  analysis  of,  416,  417. 
Zinc  works,  in  England,  418. 
Zinc  carbonatS^  412. 
Zinc  oaydeftrrifhre,  411. 
Zinc  oxydi  t^ieifhre^  418. 
Zinc  *nifurS,  411. 
Zinkglas^  413. 
Zinkoxjfdt  411. 
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ERRATA, 

Page  235,  line  18,  for  mtkraeiU,  raui  uMoOced  coai. 

—  368,  lines  9  and  11  from  bottom,  for  Brankart,  read  Bankart. 

—  557,  line  18,  ias  fntottUfhurett  md  frototulpAaie. 


^       ■  Ciqpd  Mould,  in  making  On^di^  Sk 

QLAflS  PARTING  FLASK,  for  Maying  AUoja  of  Gold.    Fig.  216,  page 
W8,l». 

ffCKBL  TONGS  for  beading  the  Parting  Flaak,  2f.  6d. 

yrAinncR  for  fl«ii»n"«g  Bnttona  of  Matal  in  SilTer  Aaaaying,  imall  aize,  2i.  6d. 

I«(ge  aiie,  8a.  6d. 
8IKEL  ANVILS  (Stakea)  for  flattadag  Baada  of  Silrer  on,  and  for  cruahing 
aoMdl  Smnplea  of  Minarala  (— 

It  indi  aqgoara,  2a. 

S  inehaa  aqiosra,  maaavfa^  6a« 
MIA.Y  BOOOP,  If.  19«b  C0ppir»  7a.  M. 


APPAMTUS  AND  MATERIALS 

FOR 

ASSAYING, 
CHEMICAL  ANALYSIS  IN  THE  HUMID  WAY, 

MAifrPAcnraiED  by 
JOnN   J.   GRIFEIN  AND   CO.    LONDON, 

AJfD  RICHARD  aEtFFi:N  AND  CO.  GLASaoW. 


For  a  mow  detmlcd  wcouut  of  their  CHEMICAL  and  PHILOSOPHICAL 
APPARATUS^  Messre.  Griffik  ntid  Co,  rvfet  to  their  ILLUSTRATED 
CATALOGUE,  »  New  Edition  of  which  was  published  rucently,  in  870, 
prico  2s.,  or  2s.  6d.  free  b^i^  post. 


CCPELLING  FURNACE,  of  wrouglit-iron  Plate,  lined  with  Fire-cUy,  with 
an  opening  for  heating  ti  Tube.     Figs.  184  and  185,  page  482,  £6.  6s. 

MUFFLES  adapts!  for  this  Fumtice,  Is.  6d.  each. 
MuHies  of  larger  siie  raade  to  order. 

LONG  STEEL  TONGS,  for  removing  Cupels  from  the  MuHle.    Pig.  187, 
page  483,  58. 

CUPEL  MOULDS.    Fig.  189,  page  489,  for  making  round  Cupels,  1^  inth 
in  diameter,  12s. 
Ditto  for  making  round  Cnpela,  1|  inch  in  diameter,  10s,  6d. 
Ditto  for  making  tqaare  Cupels,  g  inch  in  diameter,  126. 

LKT   of  till?  form  %.  190,  for  driTing  the  Die  into  the  King  of  the 
Cupel  Mould,  in  making  Cupela,  8b. 

GLASS  FARTING  FLASK,  tor  nMying  Alloja  of  Gold.    Fig.  215,  page 
573,  Is. 

EL  TONGS  for  holding  the  Parting  Flask,  2».  6d. 

HAM  Vr  ER  for  fluttening  Buttons  of  Metal  m  Silrer  Assaying,  small  size,  2b.  6d. 
Liii-^f  sixtr,  3*.  Od. 

9FEEL  ANVILS  (Bukcs)  for  flattenbg  Beads  of  SHrer  on,  and  for  crushing 
imall  Samples  of  Minerals  : — 
1^  inch  »quaTc,  2&. 
2  inc)ic8  »«ju«re,  massiTe,  fie. 

AS6Ay  SCOOP,  fig.  179,  Copper,  7a.  Gd. 


2  APPJLEJLTCS  AKB  1U.T£RIM^  TOR  A&SXTCfO. 

ECaOT  MOCLD,  eg.  181.  6», 

GOLD  WA^Ht>G  BASOiS,  of  Ztnc;  form  of  %  213^  p^e  9U,  Mmd 

in  diAoiHcr,  I  4a. 

SIBVES,  of  Hair,  ftnd  Brui  Wire,  of  all  diam«;t«r9  md  ik^itM  of  flmnL 

TOyaS.  form  of  fig.  102,  U,  6d.  to  a*. ;  form  of  fig.  108  md  lOL  U.  (Si 
t». ;  form  of  fig.  lOS,  39.  to  Ca. 

MAQNIFYma  LENS  of  Three  Powcn  (fop  tlie  Pocket),  for  — ^ 
HiocraU,  Crystals,  &c.  ht. 

OEL  BATH,  Copper,  with  hard  »oldcred  joinU,  for  dryitig 
tcmperaturet,  page  38^  £3.  3«. 

TAYLOR'8  HOT-AIR  BATH,  of  ahecriixm,  for  drying  Orw.  PrtciintaU 
&e,     Tlie  Tern  pern  ture  can  be  eaetlj  rogidAtod  to  ant   dtgntwT^ 
aeoP  Fah  over  a  Gaa  flame,  14«.  ^    ^        ^ 

BALAK CES  FOR  ANALYTICAL  PURPOSES.     In  Poiisbmd 

GlaM  CASfi&,  fitted  Up  in  tho  moat  coiiTetiimt  stTle. 
Bniaa  Beam,  IS  iochea  long,  in  «  OUas  Qise,  £&  ^ 

The  beam  lifl«  ail  tho  ftoocMuy  uijustineota.    WiU  canr  1000      _ 
each  pan.     WiU  turn  with  ^  grain  arbcn  thn*  loaded.     "Ac  fmtn  _ 
peiidetl  by  pktiniim  wire.    The  caae  ia  pforided  with  adjustis^  «9«wi  to  iH 
level.     With  a  ««t  of  weighta  from  GOO  to  y^  gnun, 

Bia»  Beam,  IS  iziehe«  long,  in  a  GLm«  Oaae,  £14 14c. 

The  beam  u  divided  into  ten  parts, and  haa  an  apparatus  placed 
whioh  tlie  ndtr  can  be  moved  on  the  beam  without  opening  the 
Will  oarry  1000  grain*  in  each  paI^  and  turn  with  jj^  grain  wii 
With  a  set  of  weights  from  lOOu  grains  to  ^ht  g^^  iiiciudiag 
gnin  each.     Theve  i«  a  ihort  pan  cut  out  to  reoeire  the  '*  pota«h 
uaed  in  Organic  AnalysiB.    The  glaaa  caae  ia  provided  with  adjusting' 
Amat  BaUlXCM,  ^raaa  Beam,  10  inehea  long,  in  a  Glaaa  C«ae,  £12 
Will  carry  600  gruina  in  each  pan,  and  turn  with  ^^  grain  wbcaj 
With  a  aet  of  weight*  from  300  grains  to  Ythv  gnui- 
Balance,  in  a  portable  box,  with  a  brvas  brnm  12  inches  hug,  inm 
boi,  with  a  support  adapted  to  the  top  of  the  box.     Th«?  |iaiw  regf  I 
box,  and  are  moved  by  a  lewr*     Will  carry  1000  graiiia  in  each 
turn  with  ^^  gnxn  when  loaded  with  5<J0  gram*  in  eaob  pan. 
ia  divided  into  10  parte  from  the  fulcrum  to  the  end«  fur  ■  ridm 
let  of  square  wetghta  from  500  graina  to  ^  gmtn.     £S.  §4. 

SET  OF  DECIMAL  GRAIN  WEIGHTS,  Muit  Stjutdamx 
Mahogany  Box,  GOO  grains  to  y^  grain,  £1.  llj.  ^ 

SET  OF  FRENCH  DECIMAL  MTEIGHTS,  in  Hahoguy  Box. 
Fhxn  fiO  grammea  to  1  milligrunioe,  £1.  ISa. 

]|OHB*S  BALANCE,  for  talung  the  Specific Onvity  of  Uq^ki^wi^  1 

aud  £i£ility,  in  a  Mabogukj  Box,  complete^  ^,  ^. 


iLFFABATrS  AXD  MATERIALS  FOB  ABSAITI^O. 


[CALd. — The  price*  of  CheioiadB  ctn  only  be 
they  are  altered  frequently  :^ 

A»hc«,  £2.  10a.  pcrcirt. 
Lead,  1»,  per  lb. 

ie  of  Sodn,  in  powder,  24«. 
per  ewt, 

lued  Nitre,  £2,  2».  per  cirt, 
lonx^  £.b.  12s.  per  cwt. 
18e.  per  cwt. 


Fii«  CUj»  for  Luting,  IQi.  per  owt. 
Cream  of  Tsrtar,  £5.  per  cwt. 
R«d  Algol,  ^  5a.  per  cwt. 
Sal  AmTncmiac,  £3.  per  owt. 
Chrtxmate  of  AmnKmia,  It.  per  lb. 
Ohlonte  of  Potuh,  St.  per  U». 


AonM,  Ax£jij£S,  and  all  the  nniml  Bi-Aanrrs,  in  a  ftato  of  Purity. 

'S  TRAVELLING  CABINETS  of  APPARATUS,  for  the  QniM- 
TATiT^  AiTALTSU  of  Okm  tnd  other  Mixmraia,  prepared  for  the  laae  of 
KftTol  and  Hilitaiy  OAoen* 

The  TnjtrumeHU  tontainfJ  i*«  tAe  fol/owimf  CoUmHov  art  €f  the  twuUtM 
M^efui  sixtJ,  but  of  the  best  mairria/s  anil  w^fhtouhip.  The  Mrp^rtJ  fwrl9. 
org  u?eU  proportioned  Mut  ad^uHed  to  ome  another : — 

1st  1.    Price  £8  in  a  CAnnnrr. 

Thin  oontaifu  Apporahia  sufljrient  for  ttmking  theExperimente  neceoeaij 

for  the  BiscnmtDation  of  all  well-known  Obks  and  Komuis. 
The  aue  of  the  Gabmot  b  about  1^  cubic  foot. 
It  includes  Blowpipe  ApparattiB  with  the  necessary  Fluxes  and  RoagenU  i 
*a  selection  of  the  id  cwt  useful  instruments  for  Testing  in  the  wet  way,  with 
.%  coUettiau  of  tests  in  the  dry  state,  and  ftopj^enHl  bottles  to  contain  iolu- 
[tiotiP  ;  a  »et  of  bottles  with  pure  acids.     The  »ppuratu8  is  of^iriall  %\w^  and 
the  qtmntity  of  materialB  limiled,  but  adaptetl  to  the  rarious  o|>eration9  of 
[QualitiitiTe  Analyses— namely,  the  prepamtion  of  solution*,  liltrution,  preoi* 
citation,  ignition,  &o, 

IBbt  2.     Price  £15.  IBa.  in  Two  OABOCXTa. 

The  principil  Ciibinct  con  tains  the  moat  important  Apparatus,  arranged 

for  eonTtinicnt  uj»e  in  Troys  and  divided  Boxes. 
The  second  Cabinet  rtintains  large  ortidoa  for  occaftonal  iwe,  BupUcatea 

of  A  ppam  t  us  lis  ble  t  o  be  broken ,  est  m  st  ock  of  Acids  oiid  Cbeaiicdba,  &e. 
Si7.e  of  the  Two  Cnhinets  to^ri'ther,  about  t  cubic  feet 
Tlua  Strt  eoniains  Appunitua  fiuUieient  for   the  Coinplotc  QualitatiT«| 

Analysis  of  Ore*  autl  Minerab*  or  the  reparation  of  the  Cotnponentl' 

of  u  Mineral  in  quantit  ies  sulBeient  for  Qit  occurotjp  Qualifcativo  Aualyiilk 

It  inchides  a  brass  Argnnd  spirit  kmp ;  a  crueiblo,  capsule,  and  nihcr 
Tes»els  of  pint  in  um  ;  a  full  asi*ortiiJtMit  of  Boheoiian  lest  tubes  and  other  glasi 
appeiratus ;  Bnlin  j>orcekin  crucibles  and  capsules;  a  collection  of  piir*; 
tests  in  the  dry  Btote^  and  a  set  of  sto^jpered  bottles  for  solutions  ;  a  stock 
of  pure  acids  ;  niuterials  for  sulpliun'tted  hydrogen  and  other  gases  used  iu 
analysts.     The  whole  adapted  for  a  regular  series  of  anaiytieni  ojH*ratioi 

Itlie  preparation  of  solutious,  filtration,  testing,  preeipitution,  the  washing 
precipittttcji,  ignition,  distillation  (of  water,  aleoliol,  atid  acids,  in  sninll  quan 
titics),  and  other  prooi^^jies,  either  direclly  necessnry  in  anulyt«is,  or  iu  pro- 
poring  the  n.eons  of  eflecting  analyses.      It  contains  sl*o  a  corapicle  m'l  of 
blowpipe  apparatus,  with  Huxes  and  rctiffciits  ;  duplicates  of  articles  liabl 
be  broseni  snd  an  extra  stock  of  acids,  lltixca,  and  tests. 
R  B 


i 


4  APPAKA.TU8  AXD  MArEHIALB  FOtt  ASSATtKO. 

GUIFFIN'S  POBTABLE  ClIEmOAL  CABrraT8^-«7««nwdL 
Set  3»    Price  £21  in  Two  Cadlskts. 

The  Set  of  Apparatu?,  No.2t  can  be  rendeird  finiU}»Iti  for  iW  QoMilliatifv 
Aualjtsia  of  Orc»  and  Minernln,  by  adding  to  it  5  buknixv  a  «rt  of  ilomu) 
grain  weight*,  and  n  few  other  article*,  amounting  m  oil  to  the  twiw  fi 
5  guinea*.  The  babmce,  when  loadod  with  800  grains  in  «u.'h  pun,  will  tdll 
with  ^  grain.     The  weight*  are  adjusted  to  t)»e  iinperiaJ  atandanJ. 


OOLLECnON  of  ANALYTICAL  APP.IBATUS  j  containing  «11  the 

%Bxy  Apparatus  required  by  tho  Student  for  the  (jualitativo  kwiXymd 
any  «ubBtance  aoconling  to  the  plane  reconuncnded  in  **  Bo««'»  (jua£itat2ff 
Analy:*is/'  and  similar  works.     Price  £3,  3».  in  a  packing  caae. 

CoNTirNTfl.— Lixiviating  jar  for  aolutiona,  fiUrationp,  ft<».     FOTyfaai 
Qturman  glaaa  flasksj  from  2 ox.  to  80 o».,  for  boiling,  ^  -mf 

gaseat&c.    Washing  bottle  for  washing  precipitate*.    Uji  -"g: 

gaaea  r^iiiring  heat.  Gas  bottle  with  fliit  bottom  uum  i.  la  lumui  tm 
hydrogen  and  sidphiiretted  hydrogen.  Wal«?r  bottle  witli  tubes  for  OJJsflf 
narrow  tubes,  or  inipplying  small  quantities  of  water  i  '.nrW'«  R.  t.irt  Mil 
liivriver  for  preparing  small  qimn lilies  of  pure  nrida  b;  "  -fm 

funuela  assorted.     One  hundred  ready  cut   filtena  for  i  A. 

iSpii'it  lamp,  with  incorrodible  wick   holder   and  ^uppU    <  . 
Cylinder  with  air  holes  for  stiifldying  the  Hmnc*  of  t^ir  ^\nni 
portinq:  vespcU  over  it.     Ijiargc  iron  ring  wiO 
vc«6ob  over  the  lamp.     Hot  plate  for  dr^  ing 

top  of  the  cyliiiderj  on  which  small  and  flat  '  •  a^.  *j.  (i*-j  •*  j* 

Tiniictl  iron  sandbatlis  to  prevent  the  cra<  ^s  iriwaela.    Onlfiu" 

support  for  teat  tubes  on  the  sandbath.     Stt  ^n  T.rvitLer*  for  bail* 

ing,  Ac.    Hiree  Clark's  test  glasses.    Portvlaiu  mortar  aj  ■  raiknUd 

tn^rasurc  showing  half  draehrns.     Four  fttix'rer*  for  mil i  .-,     T^r* 

watch  tla*!tt^  for  weighing,  evaporations,  kt*.  Hnr 
t4ct  of  ITcsdian  crucibles  for  fusions,  Ao.  Four  I3i 
fu^ionw  over  a  spirit  lamp.     Funi    "  '    'V     ' 

fillr;4lian.    Tubts  holder  for  holdii  i«ipt1 

moveable  nozzle.     Lump  and  9m>j.. ,  ...   ..  «->* 

sliding  ring  and  extra  triangle.     Five  yartl- 
for  fxumhiing  coloured  precipitatos.     Boi 
blue  jmd  red  litmus,  turmeric,  Brazil  wood,  aecUlc  ol   . 
pHl^snr      Shrt^t  of  thin  caoutchouc.     Plft<(Tium  r^tp^nK 
nn  wire*.      Three  CTap*irriti 
'  tubta.     Tt^st  tube  titand. 
..•<    >  -    ■'■■'■''■ '■•■-    -''^v     Fill. 

Witlun,  ■:,,        r;L]r 

lump.  '^        ^    \<>r  !■ 

silver  iputula  and  teat  spotin.     Two  irt 
Pipttt*  for  dropping  teats,  &i\     Thri> 
Berlin   poreehiin   capstde   with   liAndle, 
ignitions,  Jkc. 
Tliis  Analytical  .\ 

fectiy  pure  TtNsfs, 

Si    --  -   '  ','-'^' 


Tr.o    iiicriit;    ^iura.:ia4a   cu^ii  Lx 


i(     iir\-\.c*vvv»- 


Cutuli 


\«yt  a  Tji*n\cviSJ«  '^sMTtNX^ 


AJPAEATtra  ASV  MATEBIAL8  FOB  ASaAYIlTO,  6 

aBIFFTN'S  APPARATI^S  for  CHEMICAL  ANALYSIS  by  tho  BLOW- 
PIPE,  comprebendiug  evorjlliing  neceisiuy  for  thut  purpoa©.  Price 
£3.  12a,  (mL 

CoyTxwTS.— Japaaned  blowpipe,  bruss  nozzle.  Blowpipe  lamp.  Sup- 
f,ir  i\vp  laiiip.  Steel  tongfl  lor  trmiming  the  lamp.  Twelve  tubM  for 
I'.  Twelve  luird  gUis  teet  tubea.  Six  bard  glass  ar*«mif!  tubei. 
i  'port*  for  rediieiion.  Charcoal  supports  for  ftusion.  Two  holdrrs 
«upport«,  8twl  tongs  wilh  platinum  points.  Two  pieces  of 
il.  Tbix»  plntiniim  wire*.  Copper  wire  for  the  detection  of 
ch!  Tine,  iodine,  and  bromine.  Tin  wire  for  mluetions.  Books  of  litniuo, 
turmeric,  lead,  and  Brazil  t4^t  papers.  Square  st^cel  KtiviL  Steel  hamuier 
with  cutting  edge4.  Agrit^>  peatle  and  mortar.  Lucifer  matchet.  Cotton 
wick.  Two  porcelain  capsules.  Filo  to  cut  glass  tubes.  Albote  tpoon  and 
epatulft.  Boxe^i  and  boll  les,  with  a  supply  of  the  foUowingre-agenta : — borax, 
aoda,  uiicroco«mic  »alt,  solution  of  mtrato  of  oobalt,  cyanide  of  potnssiuncit 
nitre,  biji\ilphate  of  potash,  pypsuni^  iluorspar,  nickel  borate,  lead  lor  oupt^Uo- 
tion,  bone  ashes,  silica.  Fair  of  japanned  tin  boxM^  suitably  divided  U) 
cont^n  all  the  foregoing  arLicIea.  Packing  case^  inoludisg  the  whob 
pa  tains. 

JTALLOOEAPHY.— A  Sehibb  of  Osnj  IltrsDEiD  andTwnfTT  Modkm 
of  Cb¥9Tal8.    Price  £2. 12a.  6d. 

These  Models  represent  the  most  important  Katural  Crystals,  both  of 
tple  and  eomplieaied  forms.     Their  eixe  is  from  2  to  4  inches  in  diuneter. 
material  of  which  they  are  formed  is  cream-coloured  bi«cait  poro«]ain» 
rhieh  presents  the  following  advantagefi : — the  models  are  much  stronger 
thoflct  raade  of  paper.      Their  edges  are  tuMctently  sharp,  and  their 
•ufiiciantly  eren,  to  permit  very  good  approximate  nicasurenienta  to 
taken  by  means  of  the  eomrnon  goniometer.    They  eon  bo  written  npon^ 
Ihut  with  a  black  lead  pencil,  the  marks  from  which  can  be  cffaoed  by 
rubber,  or  with  common  ink«  which  is  eoedy  removable  by  muriatic 
ad.     Consequently,  the  names  of  the  Crystal*,  or  their  sywboht,  or  the 
jlct  BcrosA  their  eilges,  or  the  names  of  the  minerala  they  represent,  can 
written  upon  them  and  removed  at  pleasure.    These  propettiea  are  not 
in  the  same  degree  by  modus  made  of  glass  or  wood.    Ir^lieti 
•oiled,  thoy  can  be  cleaned  by  soap  and  water.    P^mally,  they  are  chmpor 
models  made  of  any  other  material. 

Unhfas  it  is  otherwise  directed,  the  Models  are  deliTered  marked  and  num- 
bered to  agree  with  the  system  deioribod  in  J.  J.  Griffin's  TMatiae  on 
Orystftllography,  8vo.  price  9s. 

GhoKioMSTFK  for  measuring  the  Angles  of  Detached  Crystals  and  Modola 
of  CrvxtaU,  con^iistiiig  of  a  graduated  brasa  semi^cinle,  and  a  iJteoJ 
Index,  price  7s.  6d. 


kXINUM  CBUCIBLES,  with  Obpanle  Ocfrm. 
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^H  6                       A.n>i.Bi.TT7S  AlTD  UATEBIAL8  FOR  JLS8XT1K0 

^V    POECELADT  CRUCIBLES,  corneal  form,  with  Coven,  tlu  gkic 

^^^            coiiipict,  not  liable  to  crack  nor  to  colour  hy  mj^  ohermcat  nwi: 

^^L          but  litib  iuflueju»d  bj  sudden  cbuiges  of  t^mpomturei. 

^^m              No.                 Price.                Height.             Diameter.           ContMU. 

^^M             000    4d.       ......       iinoh 1  inch ^ot. 

^H          00    6d.     1         U      \ 

^m            0      ......      8d«      ......    li         ......      11       i 

■           I     ^     U       It        ,.»     1 

^m               2       Is.             U          2i         1 

^H               3       18.3d.       ......     If          ......       2i         2 

^H               4      lB.6d 2            U          81 

^B  PORCELAIN  CBUCUiLESj  with  Oorwn,  of  the  nmo  matesia]  ••  the  im, 

^^m         qjlindricftl  form. 

^^M              No.                 Price.                Helfht.             Diameter.           Owicota. 

^H              1      ......      7d,      Uawli..."^      Iwich lot 

^H         2    8d u      n      1 

^B  LONDON-MADE   FTRE-C*LAT  CRUCIBLES,  of  the  boat  msnu^ctni*, 

^^B           cftpablo  of  resisting  tiigh  temperatures  aoid  the  action  of  fluxes,  and  vfawh, 
^^m         when  he&t4?d  to  M(jftemng,  retain  thei]*  compiwt  itructtue^  and  do  sol  bteo^ 

^^B          Tesioulor,  form  of  fig.  178. 

^V       8  itxchea  higli,  per  doE«u  £0    14 

6liiioheahi^p0rd<M«i&  £0    •   9 

V        4        —                —            0    2    3 

7       -                -           0    9   C 

4*       —                ~            0    2    6 

8        —                  —            0  IS    8 

6        —                —            0    3    0 

9        —                  —            <i  16    0 

61      —                —            0    4    0 

10       —                -           It  ^^A 

6        —                "            0    6    0 

■ 

^1                                 Corera  are  tlie  same  price  aa  the  CrucibloB.                         ^^H 

H    SEITTLE'SHAFEB  CRUCIBLES,  London  made,  idnoUnj  flre-daT-.     ^^ 

^B        8  inches  high,  per  dozen  £0    16 

9  inches  high,  per  docen  0)    7    i  I 

■        4        —                —            0    2    6 

10           —             —ft  -'    -   1 

^m      6      —            —         0  3  0 

11            -              -            • 

■        6         —                —            0    3    6 

12               ^                 ^               L     .,             J 

7        —               —           0    4    6 

13             -               -             t     t    0   1 

8        —                —            0    6    6 

14           -             -IS  ^ 

BLACK  LEAD  CRUCIBLES  and  COVERS.                                            ^| 

^H    No.           Per  dot.                       Fivdoi.        No.          t^duz.                       iVr4i^^l 

^H      1 JgO    2    6    Corcra   £0    2     0 

20        £2  12    G     Cbven  t1  10  ^H 

^■^      2......  0    5    0        —        0    3    0 

25 3    3    0        —        1   KI^^V 

1              8 0    6    6        —        0    4    8 

80.    .    4    0    0        —        8    2    0   1 

i            4...  ,.  0    8    6        —        0    6    0 

35 4  10    0        —        2  V^    ftj 

^B      6 0  10    0         ~         0    7    0 

40 6    6    0        -                    ^H 

^H     6 0  12    6        —        0     8     0 

60          6  10    0        -                   ■■ 

^H    7 0  16    0        —        0  10    0  , 

*>o  ,     7  16  0      —       i   :^  r^ 

^H   8.»,...  0  17    6       -^       0  11    6 

70...  .    9    0    0        —        5    n    ti    ■ 

^■10 1    10        —        QV\    <^V^,VV    0    0        —        u  10  J^ 

^■12..       1     iJ    0        —        ^^Yl     ft\  S*i        \X\*^   ^        ~       ^NPj^l 

■  16           1  17     6        -         VI    ^>    ^^       >^    ^   ^        -       -V    ^m 

APPABATUa  AND  MATEBIALS  FOB  ABSATIKO. 

TRIANGULAR  CRUCIBLES.  London  made,  refractory  fire-eky, 
1 1  iuchea  high,  per  gross  £0     4    6 

a       —         -^        0  6  0 

2i        —  —  0    7    6 


00 
0 

1 

8 
ft 

4 
6 


Price.       DiuDcter.  Contents. 


£0  06 
0  0  7 
0  0  9 
0  10 
0  12 
0  14 
0  18 


2i 
4 


2   OE. 

24 
3 
4 
6 

8 
10 


3  inches  kigh,   per  gross 

£0  12    0 

5            —                — 

110 
1  15    0 

.m  PORCELAIN. 

No»            Price.       Diameter. 

6  ...  £0  2  0     ...     6 

7  ...     0  2  6     ...     7i 

8  ...     0  3  6     ...     8i 

9  ...     0  5  0     ...  10 

10  ...     0  8  0     ...  12 

11  ...     0  9  0     ...  14 

12  ...     14  0     ...  l&i 

GanteDts. 

..  16 
..     Ipint 

"     4 
..    7 
..  10 
..  18 

KE/TEIinrG  PAPER,  prepared  with  rare  from  tlio  purest  m&tmAb.  Pep- 
ft>ctly  fireo  from  plaster  of  Porin,  clilorinOj  ernalte^  and  other  common 
impurities.  FUtem  with  rapidity  j  contains  no  eoluble  matter ;  and  gire* 
only  3^  of  ita  weight  of  osW. 

Demy  size,  18  by  32^  inches,  p<*r  quire,  Is.  3d. 

Cut  into  Ciroular  Filters,  and  sold  in  packets  of  100,  as  particohirised  below. 

IfUlTNRLS  for  FILTRATION,  of  Gkift,  so  formed  that  tlie  ?crtical  section 
is  an  equihiter&l  tnrmgW,  which  adapts  thorn  to  the  shape  of  a  phiin  Blicr. 

FILTER  BOXES,  made  of  japaimed  tinpbte,  roiund,  with  cotct  to  lift  off, 
adapted  to  the  aeren  sixes  of  Circidar  Filters,  of  which  each  box  holds  200. 


CIRCULAR  FILTERS. 
Kameter  in  Price 

achca.  per  100. 

2 0*  Bd 


84 

at 

74 


FUNNELS. 
Diameter  in 
lncl)e«. 
1  Of  S(i 


Price, 


li 

2  . 
SI 

a  . 

4  . 
6  . 
8  . 


0  6 

0  8 

1  2 

2  0 


FILTER  BOXES. 
Diameter  In 
Inches. 

2i 

3 


Price. 
Of  4J 

0  e 


Ciroul&r  FDt«rs,  per  set  of  700,  4a.  6d. 
Funucla  —  7,2s.  6d. 

Ffltcr  Boxes  —  7,  4«,  lOd. 

Tbo  artidee  in  the  same  line  in  the  ahore  table  match  with  one  anothar. 

n  Oasis,  adapted  to  contain  700  Circular  Filters,  cut  rwvdy  for  um, 
ly,  100  eacn  of  seveo  wzes,  as  abore,  from  2  inches  to  74  incliwja 
'  och  siie  of  Filter  being  kept  in  a  separate  reoeptaole,  the  wlioltf 
1  li  a  common  door,  securod  by  a  snap.     Japiumed  tinplate,  Ob, 
Ihiiv,  iiucti  with  70O  Filters,  13s.  6d. 

JftfdfNEL   HOLDER  of   poUahoa   black  vrocwi,  \Ain    wtn  wvon^c^V.,   «c 
adapted  fyr  FuimeU  of  aJj  aizo»»  la,  Gd. 


8 


APPABATITS  AITD  IIATEEUXB  FOB  ASBkYIXQ. 


ALOALIMETERS,  or  GBADITATED  POURETS,  wbiu  maIm,  rocb  m 

700  grains  diTided  into............ 100  diriuotni 

1000  grain*  — 100        — 

50  graxninea      — ,,..,  100        — 

Or  any  other  Scolo.    Priee  7t.  6d.  emh. 

Tlie  graduation  of  ttic  abore  i»  effected  hy  tlie  aid  of  miiQhi&tfyi  aod  ib 
aocumcj  may  be  relied  on. 


BLASTING  of  ROCKS.  —  Galvanie  Batteries,  with  flue  ^ 
jJ^Tf  inches  in  diameter,  inmilaied  copfwr  wire,  and  <jvtrf  r. 
JBlaating  of  Rocks  by  ^Taaic  agency,  £12  to  £20. 


FLASKS  for  making  Solutions  of  Metals,  &c.^  of  German  glaaa,  capaU*  <! 
standing  sudden  changes  of  teiupLTatun<>  without  rrackiug. 

Contewti  4  02.. ........ ...4a.  |KTdox« 

—  6  — 4a.      — 

—  8—,. 6s.      — 


—    12  — 


.88.      — 


Content*  16  o*., ...l(V.p9ik 

—  20  —  . 12a.      — 

—  30  — 16«.     — 

—  40  — _,.„„..»*•.     — 


GAS  FrKNACE3. 
EiarMTvaxoM^'s  Gab  Fcknack,  eapcnally  adnjiliiKi   for  0Ta[>onitioni  tr<m 
largo  sur&ct'S,  and  for  heating  erueibk*s,  &&  it  \^cldf  a  lar^e  btMty  of  flaiut, 
free  from  emoko.     Price,  nvith  pt^nd  and  crucible  jackiTt,  Ub. 

Hoffman's  Gas  BuEinni,  comprising  Argand  BuriMr,  Blowptot  J«l|  wtd 
Wirc-gau£o  Flame  in  one  instrument,  and  adapted  far  all   bboriloiy 

operations,  IBs. 

CAST-IEON  MOKTAES,  bcOI-shflped,  turned  matdc,  wiOi  Pcatloa. 

4  inches  diameter  ., £0     2     0 

5  —         —        i 0    3     0 

7      —        — 0    6    0 

10      —        — ,^.  0  12    0 

12      —        — 10    0 

BERLm  POECELATN  MORTAES,  with  PesUe* 

3}  inch^  diameter J     '^ 

*i       —        - 

64      -        - 

RETORT  STANDS. 
Rrtoht  Stand,   wilh   ^  jimrL-   iron  fc>ot,  rod  11  tnohr  i  ia-livt 

dintneter,  and  Um«c  bi-u^^s   ruj^fs,  3  LncheB,  2i  inches,  .ii-a  , ,  inrhft  m. 
diameter*    35. 

RuTORT  Staku,  with  flat  oral  iron  foot,  rod  30  iwhfti  lon^?  b?  | 
diamctvr,  and  throe  aolid  iron  rings,  2  in.,  3  iu^  and  i|  tiL  in 

of  Bcrxrliua,  UiiacXwrXvOi^,  iwvi^  .V^'^^^         \       ^ 


APPABATUS  A>'D  MATEEIALS  FOtt  ASSAYIXO.  U 

•Q-AXD  SPIRIT  LAMP,  witli  threo  feet  and  handle;  for  cvnponilion. 
<ljgesting,  and  as  a  general  source  of  heat  in  those  countries  wIuTt'  spirit 
ia  chap.    Three  sizes  (see  General  Catalogue,  fig.  506),  los.,  21  ti.,  and  :Uh*. 

■^CEFIC  GRAVITY  BOTTLE,  in  japanned  tm  case,  with  count orpui^'. 
Wo.  1 Contents  1000  grains £0    7     (» 

—  2 _        500     —  0    r.    O 

—  8 _        250      —  0    5    G 

'^XBMOMETERS,  with  Fahrenlioit's  or  tlio  Centigrade  Setdo.  Tito  S«>idp 
mitton  on  milk  glass,  and  sealed  with  the  thermometer  stem  in  »  i;luNrt 
tube,  BO  that  the  thermometer  can  be  completely  iiumorsiMl  in  »  Ixnliii^ 
fluid  without  any  injury  to  tlie  scale.  The  mercurial  tube  has  ajlat  horr^ 
which  renders  the  position  of  the  mercury  more  distini^t. 

Range  from  about  -40  to  +212°  £0    H    (i 

_  —         _40  to  +300    0  10    (> 

_  _-         -40  to  +600    0  Hi    0 

~IR8T  GLASSES. 

Tm    Glass,    Clark*8    pattern,    conical,   on   foot,   c()nt<>nlN    our    (miuit, 
hedght  8i  inches,  width  at  mouth  2  inches.    Gd. 

IiBT  Glass,  cylindrical,  on  foot. 

Price.                      Height.               l^idth  at  mouth.  Ciiniiiita. 

Is 5i         12          In/.. 

Is 6i         H         !» 

Is.  6d 7          2i        in 

0BGA17IC  ANALYSTS. — Combustion  FunmceH,  and  nil  (lin  m|i)iiii-ii(iii  nml 
materials  for  the  ultimate  analysis  of  urKunic  Ixidirri,  and  I'nr  1  Ih'  r.  t  mwil  !•  m 
of  carbon  in  cast  iron,  and  similar  oi^erutiuns,  will  Ini  IuiuhI  «li<iM'nli«<<l  m 
our  General  Catalogue. 

THE  HEIDELBERG  SUBSCRIi*TION  COLMCiTloN  of  Unt  K;l  iiti.l 
FOSSILS,  prepared  under  the  suiN'riMtKiidriiiHt  uf  rriifininurii  I.i.iimi.mih 
and  Bbonv.    Sevsn  JIuNimKD  Si'KCIMKnh. 

The  size  of  these  specimens  is  !>  w|imm  in<'hi«ii  t  <'>u'h  h|i»iMiiiimi  in  m  tonii 
panied  by  a  printed  descriptive  ticket  in  KmkImIii  i''ii<iirli,  and  (liM-niiiii,  mid 
there  is  a  prmted  Catalogue  of  tliu  wlinln. 

Great  labour  and  cxikmiso  hnvn  hnMi  inciirriMl  (ti  riiniim  Ini'  iIho  (Iimi 
logical  Collection  the  character  of  iniumial  i'iiiiiplitti«iirN4  mihI  iiBi<liihii<nH  || 
oontains  not  only  a  collection  of  wi'll  ii|inmii|i<nniHl  n|iriiMiiiMift  ul  nil  tliu 
Bocks  and  Fossils  of  most  fnH|uriit  (NTiiiTriii'n,  hiii  almi  pi|ii^<iiiipii't  ul  ^inni. 
rareness  and  excellenct*,  incliidiii);  eonipli'li*  miitrii  Iniin  1lti>  I'lirix  Hunin,  llin 
Yienna  Basin,  the  Tyrol,  from  Hirily,  Ninth  Amrniii,  lliu/il.  iVr.  Tim 
names  of  the  specimens  iNiing  givrnun  llinniilliiirit^  ni'  (liM«i*iiiiiiiHMi(  Otmlo 
gists,  Professors  L<>onh»rfl  nml  ilnniii,  11117  hi*  iin|ilu'ill^  ii<lird  mi,  whit'li 
giyes  a  high  scientific  clianu^Uir  to  tliiN  rollii«<iiin. 

Meurs.  Johm  J.  Giuvkin  aihI  Co.  iiavintc  In«ii|i  ii|i)HiinliM|  by  (In*  llisii>i{i,< 

BXBO  MlHKKAL    iNHYlTtrTlilN    |(t   \w   llinir  Hoi.M  AOKNTH  lit  KNIil-ANii. 

are  enabled  tfi  oflbr  llils  MnKiilHttriil.  (Imilo^iiHtl  (killooiUm  '*'' 
Hundred  Bpeoinuiiis  fur  ilm  low  iirlm  iif  W)kuiiunuI|  dnUTHr 
free  of  expauM. 


10  APPlttATUS  MTD  MAT15BIAI.8  FOB  A88ATT3ro. 

ELEMENTARY    COLLECTIONS    of    MIKERALfi     and    BOOCB 

CABINETS. 

The  following  CoUeotioTis  an?  recommcndwl  to  those  who  are  ccna 
the  study  of  Mineralogy  and  Geology.     Ther  are  nil  o<jri(.a?!i.>l  tn  limil'o 
polished  Mabogaay  Cabinets,  opening  with  doon, 
dmvvefs.     Every  «pccim(ni  u  placed  in  a  s«parate  i 
with  eniimelled  green  pnper. 

Size  of  Specimens  about  thuae  square  bohea. 

Cabinet  of  100 aimpio  Minerals £S  18    6 

Cabinet  of  lOO  Rocks  and  FomiIb  .,  2  12    $i 

Cabinet  of  150  simple  Mint!mU I  4    OJ 

Cabinet  of  150  Rocks  and  Fossils 1      « 

Cabinet  of  200  Minerals,  Rocltfl,  and  FoBftiLj ^  5 

ELEMENTS  of  MrPfKRALOOY  and  OEOLOOT.  Tiv  Pr,>f.  «^8cBt 
Edited  by  11.  Medlock,  F.C.S.,  Senior  A^ditnr  y»l 

Chcraiatry,  London.     IHuHlnitcd  by  12H  Woodi  i  VlfiUt. 

LAECrER  COLLECTIONS  of  MINERALS. 

Two    Ilwndr^d  Specimens,  aizo  4  square  inchos  €^5    0^ 

Three  Hundred  Specimens,  size  4  square  inches  ?     7 

Four   Hundred  Specimens,  size  6  square  iijche«  *  i 
FtTe    Hundred  Spocimons,  bwh  6  square  inc^hes 

One  Hundred  Specimens  of  Mstaxuc  0b«8,  8  sq.  itiohes      I    4    <lj 
Ditto  ditto  4  sq.  inohca     6    6 

TECHNOLOGICAL  MTNEHALOGY :  a  CVjUwtion  of  Two  ITntttlnd 
inciu  of  Rocks  and  Minerals,  arrooffed  in  Clnssc?!  »r<cording  l<i  tk^' 
to  wliieh  they  ore  applied  in  the  ArtA.     Siic  6  squturo  incho».     d. 

COLLECllON  of  FtPri'-FOTIR   MINERALS  for   BLOHTIP8 
PEErMKNTS,  in  a  divided  Box.    10s.  6d. 

COLLECllON  of  EIGHTY  FRAGMENTS  of  MlNEkAi.^,  ^m  a 
In  a  Box.    6s. 

COLLECTIONS   of   FOSSILS,    from    100  to  800  Siwni 
clof^sificd  und  uniued. 


All  othi*r  artiekA  required  by  the  Metallnrgist  for  Asaayt 

or  for  AtiwiyUc^  Ytoo»v»  \».  Vi\^  \V«aAA  ik%^,  aiv  •»w'f'u<nj  yj  mi 
OBIFflH  aM  Co. 
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